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MOTOROLA’S 
MICROCONTROLLER AND MICROPROCESSOR 
| FAMILIES 


Motorola manufactures the industry’s most complete selection of solid-state microcontroller units 
(MCU) and microprocessor (MPU), providing the performance and design flexibility needed by 
the design engineer. 


Motorola’s family concept has been extremely popular in the MCU industry. This family concept 

was pioneered with the introduction of the M6800 Family 1974. Four families have evolved from 

the M6800 Family to fulfill expanding customer requirements. These families are the M68HC11, 
_ M6801, M6805, and the M6804. Figure 1-1 illustrates the family evolution. 


Numerous peripheral devices have been developed and are available to support the MCUs and 
MPUs. 


~ M68HC11/M6801/M6805/M6804 FAMILIES 


' The M68HC11 Family offers high performance in a single-chip MCU with Electronic Eraseable 
Programmable Read Only Memory (EEPROM), a 16-bit timer, a Serial Communication Interface 

- (SCI), a Serial Peripheral Interface (SPI), and an 8-bit Analog-to-Digital (A/D) converter. The M6801 
Family includes high performance in a single chip with Eraseable Programmable Read Only 
Memory (EPROM) and SCI. The rapidly expanding M6805 Family is available in a variety of memory 
and package sizes with various special Input/Output (I/O) functions. The M6805 is available in 
High-Density N-Channel Metal Oxide Silicon (HMOS), Complementary Metal Oxide Silicon (CMOS), 
and High-Density Complementary Metal Oxide Silicon (HCMOS). The M6804 Family now provides 
the 8-bit processing capabilities that compete in the 4-bit price arena. A One Time Programmable 
Read Only Memory (OTPROM) is also available in the M68HC11, M6804, and M6805 Families. 


Technology 


Motorola’s first MCUs and MPUs were produced in HMOS which offered a low cost single-chip 
solution in high production volumes. CMOS was then introduced which offered very low power 
consumption and a wide power supply tolerance at performance levels similar to. HMOS. The 
introduction of HCMOS offered the best of both worlds, with high-density and low power con- 
sumption. Tables 1-1 and 1-2 list Motorola’s MCUs, | MPUs, and peripheral product line by tech- 
nology. ” 


ROM Size 


The mask. ROM.capacities of the present single-chip MCUs range from a low of 512 bytes in the 
M6804 Family to a high of 8K in the M68HC11 Family. Refer to Table 1-3 through 1-7 to determine 
what ROM is offered in the MCU product line. In selecting ROM size, the ROM usage efficiency 
of the instruction set should be considered, along with the application to be programmed. 
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Table 1-1. MCU/MPU Technology Listing 














CMOS 


HMOS/NMOS HCMOS 
MC6800 MC68705P3 MC68HC04J2 MC68HSC05C4 MC146805E2 
MC6801 MC68705P5 MC68HC04J3 MC68HSCO5C8 MC146805F2 
MC6801U4 MC6805R2 MC68HC04P4 MC68HC705B5 MC146805G2 
MC68701 MC6805R3 MC68HC704P4 MC68HC705C8 , 
MC68701U4 MC68705R3 MC68HCO5A6 MC68HC805C4 
MC6802 MC68705R5 MC68HCO05B4 *MC68HC11A0 
MC6803 MC6805S2 MC68HCO5B6 MC68HC11A1 
MC6803U4 MC6805S3 MC68HC805B6 MC68HC11A8 
MC6804J1 . MC68705S3 MC68HC05C2 MC68HC11D3 
MC6804J2 MC6805U2 MC68HCO05C3 MC68HC11E1 
MC6804P2 MC6805U3 MC68HCO05C4 MC68HC11E9 
MC68704P2 MC68705U3 MC68HCO5C8 MC68HC11F1 
MC6805P2 MC68705U5 MC68HCO5C9 MC68HC711A8 
MC6805P6 MC6809/9E MC68HCO5L6 MC68HC711D3 
MC68HCO5M4 MC68HC711E9 
MC68HCO5P1 MC68HC811E2 





: ; MC68HCLO5C4 : 
MC68HCLO5C8 : ; 


Table 1-2. Peripheral Technology Listing 


HMOS/NMOS 


MC6810 Mc6821 
Mc6840 Mc6844 
-MC6850 
MCc6854 
Mce84g8 
MC2674 


.MC6845 
MC6852 
MC6898 
MC2672_ . 


Non-Mask ROM Versions 


MC68HC24 
MC68HC39 


MC68HC34 





MC146818 
MC146818A 
MC146823 








EEPROM, EPROM, OTPROM, and/or non-ROM versions are offered in practically all single-chip 
MCUs. These versions serve for limited to high volume applications, prototype debugging, and 
field trials. EEPROM and OTPROM versions are available in the M6805 and M68HC11 Families. 
EPROM versions are available in the M6805 and M6801 Families. Refer to Table 1-3 through 1-7 
to determine what is offered in the MCU product line. | 


RAM Size 


On-chip Random Access Memory (RAM) sizes range from 30 bytes in the M6804 Family to 512 
bytes in M68HC11 Family. The M6805 has versions of 64,104, 112, and 176 bytes. Architectures 
such as the M68HC11, M6801, and M6805 Families, which permit multi-level subroutines plus 
ROM and RAM data tables, allow trade-off ROM and RAM utilization. ROM usage can be minimized 
with subroutines and look-up tables, while RAM usage can be optimizes with ROM tables and 
fewer subroutines. 


Digital Input/Output 


Single-chip MCUs are available in 52-pin quad packages as well as the smaller (and lower cost) 
20-pin packages. Five to fourteen pins serve power and control functions permitting up to 12 I/O 
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pins in a 20-pin package and ‘up: to 38 I/O pins inthe 48/52 pin verions. All of the MCUs offer 
essentially any mix of inputs and il Higher output drive current is eavalable’| in the M6805 
Family. | - 


Expansion Bus - 


The non-ROM versions include a bus to access off-chip program:memory and additional I/O. The 
M6801 Family also includes a three bus structure for off-chip expansion. The three bus structure 
permits the number of bus pins to be optimized for the amount of address space needed off-chip. 
The M68HC11 Family can Opetate in an expanded mode and address up to 64K bytes of external 
memory. mY Se: en os 


Interrupts 


When an application program must synchronize with two or more external events, interrupt 
hardware in some form is usually necessary. The M68HC11, M6801, and M6805 Families include 
fully automatic interrupts (registers are saved) with programmable vectors for both an external 
and internal timer. 


Timers 


Timers are the most frequently used on-chip functions. Timers may generate interrupts to a 
program at a periodic rate, measure external events, and generate measured output waveforms. 
The M68HC11, M6801, and M68HC05 devices include a 16-bit timer that may be used to perform 
three of the preceeding functions simultaneously. The M6805 and. M6804 timers consist of a 
programmable 8-bit counter and selectable 7-bit prescaler. 


Special Functions 


Various members of the MCU Families include additional I/O functions. For.example, the M68HC11, 
M6801, and some. of the M6805.Family include a SCI. The SCI is used for long-range communi- 
cations, as in data transfer from an MCU to aterminal or modem. The M68HC11 Family and some 
of the M6805 Family.also contain a SPI. The SPlLis used primarily for serial communication between 
chips on the same printed circuit board. Selected members of.the M68HC11 and M6805 Family 
include multi-channel A/D converters. The MC6805R’S versions contain four analog input channels, 
and the M68HC11 MCUs features up to eight analog input channels. 


DEVELOPMENT SUPPORT 


The M6sHC1, M6801; and M6804, ‘and M6805 Families are fully supported By a series a eco- 
nomical evaluation modules (EVM). A more powerful development system is also available in the 
HDS- 300. The supper peegurts are covered in more detail in EChapter 5 Evaluation’ Modules. 


SINGLE-CHIP SELECTOR GUIDES 


Tables 1-3 through 1-7 list the different features available for devices within a family: The tables: 
provide PuORaeH, as to RAM, ROM, EEE ROM: timer, etc. Table d -8 lists ie oI SoM devices 
avanabiee 


MOTOROLA MICROPROCESSOR. DATA 
1-4 








Table 1-3. M6801 Family Selector Guide 






DEVICE 


6801 
68701 
6803 
6801U4 
68701U4 
6803U4 













Definitions: 


P = Plastic 
S = Cerdip 
VO = Input/Output 
SCI. = Serial Communication Interface 
RAM.= Random Access Memory 
ROM = Read Only Memory Soe 
EPROM = Eraseable Programmable ROM 


Table 1-4. M6804 Family Selector Guide 








DEVICE 
































6804P2 8 P,F 
68704P2 8 s 
680451 12 8 P 
6804J2 12 8 P 
68HCO04P4 20 8 P 
68HC04J2 12 8 P 
68HC04J3 12 8 P 
68HC704P4 8 s 





Definitions: 


P = Plastic 
S = Cerdip 
FN = Plastic Leaded Chip Carrier 
VO = Input/Output 
RAM = Random Access Memory 
ROM = Read Only Memory 
EPROM = Eraseable Programmable ROM 
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Table 1-5. M6805 Family Selector Guide 







DEVICE 


6805P2 
6805P6 | 
68705P3 
68705P5 
6805R2 
6805R3 
68705R3 
68705R5 
680582 
6805S3 
6870583 
6805U2 
6805U3 
68705U3 
68705U5 




















Definitions: 


P = Plastic 
S = Cerdip. _ 
FN = Plastic Leaded Chip Carrier 
VO = Input/Output 
RAM = Random Access Memory. 
ROM = Read Only Memory 
EEPROM = Eraseable Programmable ROM 
SPI = Serial Peripheral Interface 
A/D = Analog/Digital Converter 
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DEVICE 


68HCO5A6 
68HCO5B4 
68HCO5B6 
68HCO5C2 
68HC05C3 
68HCOS5C4 
68HC05C8 
68HCO5L6 

68HCO5M4 

68HCLO5C4 
68HCLO5C8 
68HSCO5C4 
68HSCO5C8 
68HC705C8 
68HC805B6 
68HC805C4 
146805E2 
146805F2 
146805G2 





Definitions: 


Table 1-6. M6805 HCMOS/CMOS Family Selector Guide 
























P = Plastic 
S = Cerdip 








- FN = Plastic Leaded Chip Carrier 





VO = Input/Output - 
A/D = Analog/Digital Converter 


SCI = Serial Communications Interface 
SPI = Serial Peripheral Interface 


RAM = Random Access Memory 


ROM = Read Only Memory 


EPROM = Eraseable Programmable ROM 


EEPROM = Electrical Eraseable ROM 
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Table 1-7. M68HC11 Family Selector Guide 
















DEVICE 





68HC11A0 

68HC11A1. P,FN 
68HC11A8 P,FN 
68HC11D3 P,FN 
‘68HC11E1 FN 
68HC11E9 FN 
68HC11F1 = 
68HC811E2 P,FN 














Definitions: | a 
‘P= Plastic 
FN’= Plastic Leaded Chip Carrier’ 
“VO = Input/Output, 
A/D = Analog/Digital Converter 
SCI_= Serial Communication Interface 
‘SPI = Serial Peripheral Interface . 
RAM = Random Access Memory 
ROM = Read Only Memory 
EPROM = Eraseable Programmable ROM 
EEPROM = Electrical Eraseable ROM 


Table 1-8. One-Time Programmable ROM (OTPROM) Devices 


(Bytes) | (Bytes) Bit SPI Watchdog Package © 
Jesncvoara | _ avo | ize | 2 | se | = | — | zorow | 
| sacvosest | eae | 176 | 24 | 16 | apsci | Yes + eer 
jeacrosca" [arco | 176 | 24 | 16 | scsi |. ves | aernao-nie 
ee aes ee ee ee, ee 
9 , : 
5 38 , SCI, SPI 
38 ; 





























3 
68HC711D3* 4096 | 16 | sc.spr |-*. Yes | 44-FN,40-DIP 
eerie | tak | 512 | 38 ADD, SC, $PI 48-DIP.52-FN 


NOTES: 
1, Use MC68HC705C8 for window emulation. 
2. Definitions: 
FN = Plastic Quad (PLCC) 
DW = Small Outline (Wide-Body SOIC) 
DIP = Dual-In-Line Package 
RAM = Random Access Memory 
/O = Input/Output 
A/D = Analog/Digital 
SCI = Serial Communications Interface 
SPI = Serial Peripheral Interface 
COP = Computer Operating Properly 
3. *Available in 1989. 
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MICROPROCESSOR PRODUCTS GROUP | 
RELIABILITY AND QUALITY ASSURANCE 
1987 ANNUAL RELIABILITY REPORT 
| SUMMARY | 


INTRODUCTION 


The Motorola MOS Microprocessor Reliability and Quality Monitor (R&QA) Program is designed 
to generate an ongoing data base of reliability and quality performance for various categories of 
Microprocessor products. The primary purpose of the program is to identify negative trends in 
the data so that immediate corrective action can be taken. The program also allows Motorola to 
develop a large data base of reliability and quality results that can be reported quarterly to 
customers. The following report summarizes the reliability and quality data for 1987. 


The reliability monitor tests are conducted on sample groups pulled on.a quarterly basis from 
major categories of products representing a matrix of processing and packaging technologies. 
Product mix, sample availability and equipment capacity may cause the specific sample groups 
pulled for a given quarter to vary from quarter to quarter. Each sample group has a specific set 
of reliability tests associated with it that are appropriate for that product type based on our history 
for that classification. At the end of each quarter, results are reported for all sample groups that 
have completed testing. In addition at the end of each year a complete summary of the 4 quarters 
is reported. 


The quality results that are reported are the electrical and vidualim@chaaical lavasige Outgoing 
Quality (AOQ), given in parts per million defective) for the Microprocessor Group. This data 
represents the summary of results from the QC gate operation performed on every lot during 
1987. Electrical AOO represents any AC, DC, or functional failure at any temperature (each lot 
may be typically gated at hot, room or cold temperatures). Visual/mechanical AOO represents 
failures such as bent leads, incorrect marking, marking permanency problems, and cracked pack- 
ages. The AOO reported is the product the process average (ratio of defective devices to largest 
saps size) and the lot remacalas rate. 


\ 


QUALITY AND RELIABILITY SYSTEM 


A complete Reliability and Quality Assurance (R&QA) eustoin is in biace to monitor and control 
the performance of Motorola’s MOS Microprocessor Components. Incoming Quality Control in- 
spects starting wafers, masks, chemicals, package piece parts, and molding compounds. Process 
Engineering and In-Process Quality Control perform step-by-step monitoring of the wafer process 
to check oxidation, diffusion, photolithography, ion implantation, polysilicon deposition, metal- 
lization, passivation, and other process operations. Final visual, class probe,:and capacitance- 
voltage plots complete the wafer area inspection. Environmental monitors are also performed for 
air ‘cleanliness, water quality, temperature, and humidity. 


In the assembly area, In-Process Quality Control performs monitors on equipment performance 
and gate inspections at the major process steps.on all lots. The Outgoing Quality Control group 
continues this philosophy in the final test area by performing electrical and -visual-mechanical 
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gates. The electrical inspection, which consists of AC, DC, and functional tests, is performed to a 
0.1% (maximum) Acceptable Quality Level (AQL) sampling plan. The visual/mechanical inspection 
is also performed to a 0.1% AQL sampling plan. Any lot which fails either of these gates is returned 
to production for 100% rescreen. An R&OA Engineering organization exists to approve final test 
programs and support the Outgoing Quality. Control organization. Test programs are tailored to 
assure all required specifications are met or the devices are rejected. 


The R&QA Engineering organization is also responsible: for: performing qualifications of new 
designs and process changes prior to introduction: In addition, RRQA Engineering establishes 
and maintains monitor programs to assure processes stay in control once they are qualified. 
Results nom these programs provide rapid feedback to correct problems as they occur. 





Supsantitig these efforts is the Metrology Laboratory which includes both a eisadarde and a 
Calibration Laboratory to provide National Bureau of Standards pacoenility to all production 
measurements. 


Also offering required support are a Chemical iieharon with such equipment as a gas chro- 
matograph/mass spectrograph and X-ray fluorescent systems for detailed incoming chemical 
analyses; a Surface Analysis Laboratory: whose equipment includes a Scanning Electron Micro- 
scope (SEM) and a Scanning Auger Microprobe (SAM); and a Product Analysis Laboratory for 
detailed analyses of failure modes and mechanisms for Microprocessor devices. 


PACKAGING SYSTEM 


Motorola Microprocessor devices are sponueed: in plastic, CERDIP, PGA, and sidebraze packages. 
The ceramic package types are hermetically sealed to protect the integrated circuit from environ- 
mental factors and: permit operation over extreme temperature ranges. Although plastic devices 
are not hermetic; modern epoxies exhibit extremely high moisture resistance, and long Moyne 
may therefore: be, pavErIO? from these devices in. typical environments. 


In recent years, plastic encapsulated davidas have gained widespread acceptance throughout the 
electronics industry. Improvements in materials and process controls have resulted in significant 
improvements in-reliability performance. in addition, plastic Packages, have the advantage of low 
cost and physica! strength. ° 


Encapsulated intesyated circuits incorporate the Spligse processing and package construction 
of the various systems available. The die is attached to a leadframe, wire bonded and encapsulated 
using an epoxy novolac molding compound. The die may be attached to the leadframe by epoxy 
or by any of.a variety of eutectic forming metal preforms. Wire bonding in plastic may be ther- 
mocompression or thermosonic, but the wire is always gold. The encapsulant is the most critical 
component.of the system since it controls contamination, moisture resistance, and stress effects. 
Epoxy novolacs ‘have become the industry standard molding Sonipo ena: since mey comelne 
excellent Characteristic in val these areas. 

The alastic package: 1S, by fa the most resistant to Shysical auwdaes since the dea is completely 
encapsulated and cavity hermeticity is not a concern. Since the package is light in weight and the 
plastic is less brittle than ceramic, chipping and cosmetic damage are not problems. The leadframe 
sie plate: are equivalent to CERDIP. 


ine comparing plastic to ceramic sGpackades, heres are two snareccnates to be considered: moisture 
resistance and thermal characteristics. Microprocessor: plastic products perform very well on 


ais we é ‘ S - - ‘ a . “i 
MOTOROLA MICROPROCESSOR DATA 
2-2 


moisture resistance related tests. This is due to advances in molding compounds, the characteristic 
low voltages and the moderate power dissipation of Microprocessor products.’ In most instances 
plastic devices will provide excellent performance, essentially equivalent to hermetic performance. 
Thermal resistance has been improved dramatically through the introduction of copper lead- 
frames, and this results in lower junction temperatures, and eubeeduens improvements in electrical 
characteristics and reliability performance. 


Many users of ‘tegrated circuits continue to have requirements or wectcronces for hermetically 
sealed ceramic packages. These requirements are usually based on applications in a highly humid 
environment, increased temperature range or high power dissipation. Motorola produces two 
different types of ceramic pacxaged devices: CERDIP and siuepiare. 


The sidebraze, or solder seal, package-is aGmpesed of three favors of alumina which are screened 
with refractory metal such as tungsten or moly manganese and fired together to form the package 
body with a cavity for the die. The refractory metal is then plated and-Alloy 42 leadframes are 
brazed to the bottom, sides or top of the package, depending on the vendor. The advantage of 
the sidebraze version is accurate lead alignment without the need for forming. The final piece 
part operation is plating, which may be gold or tin with a selective gold plate in the cavity. Although 
epoxy die bonding is feasible in. this package — due to the higher sealing temperature, most 
manufacturers, including Motorola, employ a eutectic bond. Both aluminum ultrasonic wire bond- 
ing and gold thermocompression bonding are used in this package. 


The cerdip package is composed of two ceramic piece parts: the base and the cap. Sandwiched 
between these two layers is a leadframe composed of Alloy 42 imbeded in a sealing glass. the 
leadframe requires a forming operation similar to a plastic dip. The die is mounted in this package 
using a eutectic bond while the wire bonds are aluminum (ultrasonic). A tin plate is applied to 
the exterior leads of the package. | 


Some tradeoffs exist in the performance characteristics of the two hermetic packages as they are 
offered by Motorola. Both typically are ceramic, hermetic, employ a eutectic die bond, use ultra- 
sonic aluminum wire bonding, and have tin plating on the exterior leads. The thermal resistance 
of the packages is very similar, with the sidebraze having a slight advantage. Both packages 
perform well on the standard thermal and mechanical environmental tests, but each is susceptible 
to handling damage. Loose shipping rail packaging or high velocity impacts during testing can 
chip the sidebraze package and sever the interlayer metallization. This type of handling will not 
effect the 10 mil thick leadframe of the CERDIP package, but hermeticity failures can.occur. The 
CERDIP package is slightly thicker and heavier, but no conductive surfaces are exposed so the 
shorting potential in dense packaging is reduced. Extensive testing of 24, 28, and 40 lead CERDIP 
and sidebraze devices has indicated no Syamiicant: eifciences'| in reliability. 


RELIABILITY TEST 

The following paragraphs describe the various reliability test included in Motorola’ Ss. Reliability 
and Quality Assurance Program. 

High Temperature Operating Life Test 

High temperature operating life (HTOL) testing is performed to accelerate failure mechanisms 
which are thermally activated through the application of extreme temperatures and the use of 


dynamic operating conditions. The temperature and voltage conditions used in the stress are 
typically 125°C with the bias level at the maximum data sheet specification limit of 5.5 volts. All 
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devices-used in the HTOL test are sampled directly after final electrical test with no prior burn-in 
or other. special screening. Testing is performed with dynamic signals applied to the device for 
a minimum test duration of 1008 hours. 


Device equivalent heii assume the Aentg relationship using an activation energy of 0. 7 eV 
to extrapolate from the device junction temperature at 125°C (ambient) to the junction temperature 
at 70°C (ambient). Failure rates given in Failure in Time (FIT) are derived using the Chi-Square 
distribution to a 90% confidence limit. A FIT is one failure per billion device hours of 0.0001%/ 
1000 hours. ; ' 


Tables 2-1 through 2-3 show the results for the high temperature operating life test for packaging; 
plastic, plastic leaded chip carrier (PLCC), and ceramic. Each of these tables also lists the different 
technology used in the test. Table 2-4 lists the grand totals of Table 2-1 through 2-3 by technology 
and packaging. Figure 2-1 shows a trend chart of the high temperature operating life by emneeey. 
and Figure 2-2 is a trend chart of the total of the high temperature a life test. 


Table 2-1. High Temperature Operating Life Test 
PLASTIC 


STRESS VOLTAGE: 5.5 Volts _ 


TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours | 


Device "Test 125°C 70°C Equiv. Failures FITS2 
Type Devices Device Hrs. Device Hrs.1 : ; 0.7.eV 





















































































NMOS DIP 
MC3870 i 45 _ - 45,400 - 6.49 x 108 1 5970 
MC6800 135 136,000 1.42 x 106 0 1606 
MC6802 378 380,000 5.41 x 106 0 421 
MCM6810 = [+ .° 45, 45,400 4.13 x 105 0 5521 
Mc6840 _ 135 136,000 1.37 x 106 0. 1664 
MC6844 45 45,400 5.00 x 10° 0 4561 
MC6845. - : 45 45,400 4.09 x 105 0 5575 
MC6846 45 | 45,400 4.57.x 10 0 4990 
MC6850_— 135 136,000 1.63 x 106 0 1399 
MC6852. ° 45 45,400 - 7.22 x 108 0 3158 
MC6854_ oo 45 45,400 . 3.87x 108 0 5892 
MC68661 135 136,000 1.32 x 106 0 1727 
MC68652 45 45,400 3.90 x 108 0 5847 
MC68901 ree 45 45,400 8.10 108 0 2815 
CUSTOM A 945 951,000 2.11107 2 252 
CUSTOM B 525 530,000 7.54 x 106 0 302 
CUSTOM C 1,820,000 3.76 x 107 1 103 
TOTAL 4,633,600 8.21 107 4 
CMOS DIP 
MC146805E2 43,000 1.08 x 106 0 2111 
MC146805F2 224,000 5.71 x 106 1 679 
MC146805G2 74,200 1.88 x 106 0 1213 
MC146818 45,400 1.17 x 106 0 1949 
MC146818A 90,800 2.34 x 106 0 974 
MC146823 342,000 8.82 x 106 0 259 
TOTAL 819,400 2.10 x 107 








1) Activation energy used in equivalent device hour calculation is 0.7 ie 
” ‘90% confidence. 


MOTOROLA MICROPROCESSOR DATA | 
2-4 





Table 2-1. High Temperature Operating Life Test 
PLASTIC (Continued) 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 
Type Devices Device Hrs. Device Hrs." 0.7. eV 
45 


HMOS DIP 
MC2674 45,000 , 6.30 x 105 
MC2681 90,800 1.25 x 106 
MC6801 136,000 1.42 x 108 
MC6801U4 364,000 5.09 x 106 
MC6803U4 43,400 5.95 x 10° 
MC6804J2 163,000 3.16 x 106 
MC6804P2 88,800 1.82 x 106 
MC6805P2 182,000 2.67 x 106 
MC6805P4 41,700 6.13 x 105 
MC6805R2 41,200 4.36 x 108 
MC6805R3 182,000 1.92 x 106 
MC6805S2 45,400 7.20 x 10° 
MC6805S3 43,900 6.99 x 108 
MC6805T2 122,000 1.79 x 106 
MC6809 90,800 1.37 x 106 
MC6809E 136,000 2.06 x 106 





MC68000 468,000 7.28 x 106 
MC68008 45,400 5.38 x 105 
MC68010 45,400 6.50 x 108 
MC68230 45,400 . 890x108 
MC68681 41,000 6.50 x 10 


TOTAL 2,567,200 3.78 x 107 


hFpoooocoo-]--c0c00-/-00000000 


HCMOS DIP 
MC68HC05C4 389,000 9.94 x 106 
MC68HCO5C8 89,800 2.29 x 106 
XC68HC000 134,000 3.20 x 106 


TOTAL 612,800 1.55 x 107 


PLASTIC DIP 8763 8,633,200 1.56 x 108 


1) Activation energy used in equivalent device hour calculation is.0.7 ev) 
2) 90% confidence. 
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Table 2-2. High Temperature Operating Life Test 
PLCC: 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 
Type Devices Device Hrs. Device Hrs.1 0.7 eV 


HMOS PLCC 
MC6805R2 81,900 8.34 x 105 
MC6805R3 430,000 4.38 x 108 
CUSTOM D 279,000 5.14 x 108 
CUSTOM E 1,200,000 2.20 x 107 


TOTAL 7 1,990,900 - 3.24x 107 


HCMOS PLCC : 
MC68HC11 2,160,000 5:66 x 107 





CUSTOM E 417,000 ' 7:56 x 106 
CUSTOM G 1,360,000 2.46 x 107 


. TOTAL 3,937,000 8.87 x 107 


CMOS PLCC 
MC146805F2 45,400 117x106 
MC146805G2 © 89,000 2.26 x 106 
MC146818 ’ 45,400 _ 1417x108 
MC146818A - . 88,900 2.26 x 106 


TOTAL 268,700 6.83 x 106 


a 6,196,600 1.28% 108 ee 


1) Activation energy used in equivalent device hour calculation is 0.7 eV, 
2) 90% confidence. 





Table 2- 3. High fenpeintus Operating Life Test 
CERAMIC 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 
Type Devices Device Hrs. Device Hrs.1 0.7 eV 








































NMOS 

MC6821L 44,300 6.02 x 10° 0 3788 
MC6821S 45,400 6.18 x 10° 0 3690 
MC6844S 136,000 1.96 x 108 0 1163 
MC6850 90,800 1.39 x 106 0 
MC6850S 45,400 6.95 x 10° 0 
MC6852S 44,000 7.96 x 10° 0 

TOTAL 405,900 6.06 x 106 0 
















































HCMOS 
MC68020R 541,000 9,59 x 106 554 
MC68605R 77,000 1.80 x 106 1267 
MC68824R 136,000 3.00 x 108 760 
MC68851R 145,000 3.19 x 106 
MC68882R 597,000 1.40 x 107 
230,000 5.30 x 106 


TOTAL 





1,726,000 3.69 x 107 





1} Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 


MOTOROLA MICROPROCESSOR DATA 


2-6. 


Table 2-3. High Temperature Operating Life Test 
CERAMIC (Continued) 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008.Hours 


Device Test ; 125°C 70°C Equiv. 
Type Devices Device Hrs. Device Hrs.1 


CMOS 
MC1468705F2 
MC1468705F2S 


TOTAL 

















8.57 x 106 
2.28 x 106 


3.14x 108 . 


34,400 
908,000 


942,000 


























HMOS 























































MC6803L 45,400 6.40 x 108 0 
MC6809EL 45,400 7:07 x 10° 0 
MC6809ES 45,400 6.25 x 108 0, 
MC6809S 90,800- 1.25 x 106 1 
MC68701S 45,400 4.74x 105 0 | 
MC68701U4L 45,400 6.22 x 105 0 
XC68704P2S 301,000 6.62 x 106 1 
MC68705P3 45,400 - 7.00 x 105 0 
MC68705S3 45,400 4.78 x 105 0 
MC68000L 171,000 2.53 x 106 0 
MC68000R 245,000 3.93 x 106 0 
MC68010L 94,000 1.52 x 106 0 
MC68010R 45,400 7.30 x 105 0 
MC68230L 90,800 1.74x 106 1 
TOTAL 1,355,800 2.28 x 107 3 





1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 





Table 2-4. High Temperature Operating Life Test 
TECHNOLOGY and PACKAGING | 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test: 125°C. - - 70°C Equiv. ... Failure s FITS2 
Type Devices ' Device Hrs. Device Hrs." 0.7 eV 


NMOS 5,031 5,039,500 °° - 8.82 x 107 
HMOS 6029 =| 5,913,900 .|... 9.30x107 
CMOS 1,238 2,030,100 3.10 x 107 
HCMOS . 6,294 6,275,000: > ~ 1.41x 108 


DIP ( 8,763 ) ( 8,633,000). - 1.56 x 108 
PLCC ( 6,206 ) ( 6,196,600 ) °° 1.28 x 108 
| PLASTIC ([14,969]) ({14,829,800]) 2.84 x 108 
CERAMIC [ 3,623] [ 4,433,700] 6.89 x 108 


GRAND ToTAL | 18592 | __19,259,300 3.53 108 er ee 





1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 


MOTOROLA MICROPROCESSOR DATA | 
2-7 





FAILURE 





RATE 
IN FITS 
0 
YR 1985 YR 1986 YR 1987 
YEAR 
1000 
FAILURE 
RATE 
IN FITS 





YR 1985 . YR 1986 YR 1987 
YEAR 


Figure 2-1. High Temperature Operating Life Trend Chart 
(By Technology) 
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TOTALS 1985-1987 


FAILURE 600 
RATE 500 
IN FITS 490 





YR 1985 _ YR 1986 YR 1987 
, YEAR 


Figure 2-2. High Temperature Operating Life Trend Chart 
(Total) 


Temperature Humidity Bias Test 


_ Temperature humidity bias (THB) is an environmental test performed at a temperature of 85°C 
and a relative humidity of 85%. The test is designed to measure the moisture reistance of plastic 
encapsulated circuits. A nominal voltage of 5 volts static bias is applied to the device to create 
the electrolytic cells necessary to accelerate corrosion of the metallization. Testing is performed 
to JEDEC Standard 22, Method A101. Most groups are tested to 1008 hours with some groups 
extended pevone to look for longer term effects. 


Table 2-5 snows the results of the temperature humidity bias test. Table 2-6 lists the grand total 
of the devices tested in Table 2-5. Figure 2-3 shows the trend chart for the temperature humidity 
bias test. are 
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Table 2-5. Temperature Humidity Bias Test 


TEMPERATURE: 85°C 
HUMIDITY: 85% 
LONGEST STRESS: 1008 Hours 


f Device T , _s — Failures Per Sample — ; . 


NMOS DIP 


MC6800 
MC6802 
MC6840 


MC6845 
MCé6850 
MC6852 


HMOS DIP 
MC6801 
MC6802 
MC6803U4 
MC6804J2 
MC6805P2 
MC6805P4 
MC6805P3 
MC6805T2 
MC6809 
MC6809E 
MC68000 
MC68008 
MC68010 


HMOS PLCC 
MC68000 
MC68705R3 


CMOS DIP 
MC146804E2 
MC146805F2 
MC146805G2 . 
-MC146818A 
MC146823 


HCMOS DIP 
MC68HC05C4 0/102 4 0/102 
, 0/102 0/102 
HCMOS PLCC - a - a oe 
XC68HC11A8 ; . 0/231 . , 0/231 i“ 0/231 
MC68HC11 0/615 0/615 0/615 


MC68HC000 0/135 0/135 0/135 
MC68605 0/231 1/231 0/230 


0/1212 1/1212 ; 0/1211 





I NI ne ae i  T 
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Table 2-6. Temperature Humidity Bias Test 
GRAND TOTAL 


TEMPERATURE: 85°C 
HUMIDITY: 85% 
LONGEST STRESS: 1008 Hours 


Device 'T i — Failures Per Sample — 


0/272 1/272 0/272 
0/1261 ; 2/1254 1/1245 


0/1314 , 1/1314 0/1313 
0/238 0/238 0/238 





0/1574 ; 3/1567 1/1558 
0/1511 1/1511 0/1510 


GRAND TOTAL 0/3085 om 4/3078 1/3068 











“CUM% 9.6 
FAILURE 0.5 
RATE 





YR 1985 zs YR 1986 YR 1987 
YEAR ~ : 


Figure 2-3. Temperature Humidity Bias Trend Chart 


Autoclave Test 


Autoclave, like THB, is an environmental test which measures device resistance to moisture 
penetration along the leadframe-plastic interface. Conditions employed during the test include 
121°C, 100% relative humidity, and 15 psig. Corrosion of the die is the expected failure mechanism. 
Autoclave is a highly accelerated and destructive test performed per JEDEC Standard 22, Method 
‘A102. Testing is routinely penonmed for 144 hours. 


_Table 2-7 lists the results of the autoclave test. Table 2-8 lists the grand total of the devices tested 
in Table 2-7. Figure 2-4 shows the trend chart for the autoclave test. 
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 Table.2-7. Autoclave Test 


TEMPERATURE: 121°C 
PRESSURE: 15 psig 
. LONGEST STRESS: 144 Hours 


F — Failures Per Sample — 
ee ee 
NMOS DIP 


MC6800 0/44 0/44 
MC6802 0/22 0/22 
MC6840 0/44 0/44 
MC6845 : 0/22 ; 0/22 
MC6846 0/22 0/22 
MC6850 0/65 0/65 
MC6852 0/22 0/22 
MC6854 0/44 0/44 
MC68661 i 0/22 0/22 
MC68901 0/22 0/22 
CUSTOM A 0/330 0/326 
CUSTOM B 0/462 0/462 
CUSTOM C 0/847 0/843 


0/1968 i 0/1960 





HCMOS DIP 
MC68HC21 
MC68HCO05C4 


CMOS DIP 

MC146805F2 0/65 0/65 0/65 
MC146805G2 0/44... 0/44 0/44 
MC146818. - 0/192 0/192 0/192 
MC146818A a 0/394 0/394 0/394 
MC146805E2: ha 0/22 0/22 0/22 
MC146805F2 0/43 b 0/43 0/43 
MC146805G2 0/66 0/66 0/66 
MC146823 0/534 0/534 0/534 
MC1468705F2 0/34 —; 0/34 0/34 . 


0/1394 0/1394 0/1394 


HMOS DIP 

MC2674 0/22 0/22 0/22 
MC6801 0/297 0/297 0/297 
MC6801U4 W777 , 0/776 1/776 
MC6802 0/22 0/22 0/22 
MC6803U4 0/44 0/44 0/44 
MC6804J2 0/354 0/354 0/354 
MC6804P2 0/66 0/66 0/66 
MC6805P2 0/44 1/44 0/43 
MC6805R2 0/34 0/34 0/34 
MC6805R3 , 0/98 * ~ 0/98 ° 0/98 

. MC6805S2 i ‘ 0/44 | 0/44 0/44 
MC6805S3 0/22 |. .. 0/22 0/22 
MC6805T2 0/66 ~ 0/66 0/66 
MC6809 0/44 0/43 . 0/43 
MC6809E 0/44 , 0/44 0/44 
MC68000 0/110 0/110 0/110 
MC68008 0/22 0/22 0/22 
MC68010 : 0/22. : 0/22 2... 0/22 
MC68230 0/22 0/22 _ 0/22 
MC68661 ~ 0/44 ~ 0/44 0/44 
MC68681 0/65 0/64 0/64 


1/2263 1/2260 1/2259 





ae a 
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Table 2-7. Autoclave Test (Continued) 


TEMPERATURE: 121°C 
PRESSURE: 15 psig 
LONGEST STRESS: 144 Hours 


eee — Failures Per Sample — 
_ Device Type 


HMOS PLCC 










































MC6805R2 - ‘0170 - 0/170 0/170 
MC68705R3 0/255.” 0/255 _ 0/255 
CUSTOM D 0/434 0/433 0/432 
CUSTOM'E 1/693 0/692 0/691 
1/1552 0/1550 0/1548 
HCMOS PLCC - 
MC68HC11 1/1150 0/1148 2/1146 0.26 
MC68HC11A8 0/320 0/320 0/320 0.00 
MC68HC000 0/135 0/135 0/135 0.00 
MC68605 0/45 0/45 0/44 0.00 
CUSTOM E 1/363 1/361 i pile 0/359 0.55 
CUSTOM G 0/770 0/770 , 0/770 0.00 
TOTAL 2/2783 1/2779 2/2775 
CMOS PLCC 
MC146805F2 0/102 0/102 0/102 
MC146805G2 0/68 0/68 0/68 
MC146818 0/102 0/101 0/101 - 
MC146818A 0/33 0/33 
0/305 0/304 








Table 2-8. Autoclave Test 
GRAND TOTAL 


TEMPERATURE: 121°C 
PRESSURE: 15 psig 
LONGEST STRESS: na Hours 


ss aes — Failures Per Sample — 


0/1968 2/1963 0/1959 
2/3815 1/3810 1/3807 
2/2919 1/2915 2/2909 
0/1699 0/1698 0/1698 
1/8761 3/5753 1/5748 
3/4640 1/4633 2/4625 


4/10401 4/10386 3/10373 | ote 








GRAND TOTAL 
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CUM % °.6. 
FAILURE 0.5 
RATE 0.4 - Ann AAAAAAAAARLAAMALAAALAAAARRACAAAAAAARAAANAR 


0.3% 
0.2 ™ 
0.1 ° 
‘ ¥ 
YR 1985 YR 1986 YR 1987, 
YEAR 


Figure 2-4. Autoclave Trend Chart 


Temperature Cycle Test - 


Temperature cycle testing accelerates the effects of thermal-expansion mismatch among the 
different components within a specific packaging system. During temperature cycle testing, de- 
vices are inserted into a cycling system and held at the cold (—65°C) dwell temperature for at 
least ten minutes. Following this cold dwell, the devices are heated to the hot (+ 105°C) dwell 
where they remain for another ten minute minimum time period. The system employs a circulating 
air environment to assure rapid stabilization at the specified temperature. The dwell at each 
extreme, plus the two transition times of five minutes each (one up to the hot dwell temperature, 
another down to the cold dwell temperature), constitutes one cycle. Test duration is for 1000 
cycles with some tests extended to look for longer term effects. 


Table 2-9 lists the test results of the temperature cycle test testing at a temperature range of a 
~-65°C to 150°C. Table 2-10 lists the grand total of the devices tested in Table 2-9. Table 2-11 lists 
the test results of the temperature cycle test testing at a temperature range of a —50°C to 150°C. . 
Table 2-12 lists the grand total of the devices and results of Table 2-11. Figure 2-5 shows the trend ~ 
chart for the temperature cycle test. 
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Table 2-9. Temperature Cycle Test: 


TEMPERATURE: —65°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 pees 


7 — Failures Per Sample — : 
Device fee 
Bis 100 ee soy a 


NMOS DIP 
MC3870 0/38 0/38 0/38 
MCé6800 . ; 0/114 0/114 0/114 
MCM6810 0/38 0/37 0/37 
MC6840 0/114 0/114 0/114 
MC6844 0/38 0/38 0/38 
MC6845 y 0/38 0/38 1/38 
MC6846 0/38 0/38 0/38 
MCé6850 0/114 0/114 1/114 
MC6852 0/76 0/76 0/76 
MC6854 . 0/38 0/38 0/38 
MC68661 - 0/38 0/38 0/38 
CUSTOM A : 0/307 0/307 0/307 
CUSTOM B 0/115 0/115 0/115 
CUSTOM C 0/1306 0/1306 3/1306 


0/2412 0/2411 5/2411 











NMOS CERAMIC 
MC6821S 
MC6821L 
MC6844S 
MC6850 





HMOS PLCC 
MC6805R2 
MC6805R3 
CUSTOM E 


HMOS DIP 
MC2674 © 0/37 , 0/37 




















MC6801 0/546 . 2/542 : 
MC6801U4 0/668 0/653 0/638 0.00 
MC6802 0/38 0/38 0/38 0.00 
MC6803U4 ’ 0/114 0/114 0/114 0.00 . 
MC6804J2 0/76 0/76 0/76 0.00 
MC6804P2 0/114 0/114 0/114 0.00 
MC6805P2 0/76 0/76 0/75 0.00 
MC6805P4 0/38 0/38 . 0/38 0.00 
MC6805P6 i 1/432 2/429 0/427 0.69 
MC6805S2 1/38 0/37 0/37 2.63 
MC6805R2 0/38 0/38 0/38 . 0,00 
MC6805R3 0/152 0/152 3/152 ~ 1,97 
MC6805S2 0/38 0/38 0/38 0.00 
MC6805S3 ‘ 0/37 0/37 0/37 0.00 
MC6805T2 0/114 0/114 0/114 0.00 
MC6809E 1/114 0/113 a 0/113 0.88 
MC6809 0/76 0/76 0/76 5 0.00 





TOTAL 3/2746 3/2726 ; 5/2704 0.40 
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Table 2-9. Temperature Cycle Test (Continued) 


TEMPERATURE: ~—65°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


. — Failures Per =e — 
Device Type * 
100 cyc 500 cyc % Failures 
































































HMOS CERAMIC 

? MC6801L 0/38 0/38 0.00 
MC6809EL 0/38 0/38 0.00 
MC6809ES 0/38 3/38 7.89 
MCé6809S 0/76 2/76 2.63 © 
MC68120L 0/76 0/76 0.00 
MC68701 0/38 0/38 0.00 
MC68701U4L 0/37 0/37 0.00 
MC68705P3 0/38 1/38 2.63 
MC68705S3S 0/38 0/38 0.00 
MC68000L 0/112 0/112 0.00 
MC68000R 0/38 0/37 0.00 
MC68010R 0/38 0/38 0.00 
MC68230L 0/38 0/38 0.00 
MC68451L 0/36 ; 0/36 0.00 
MC68901L 0/38 0/38 0.00 

0/717 6/716 0,84 
HCMOS PLCC 

MC68HC11 1/538 0/537 2/535 0.56 
MC68881 0/78 0/78 0/78 0.00 °°. 
XC68882 1/135 0/134 0/134 0:74" 
CUSTOM E 0/253 4/252 , 5/246 3.56 
CUSTOM G 0/1153 





1/1153 2/1150 0.26 


2/2157 5/2154 9/2143 





0.74 




















HCMOS DIP 
MC68HCO5C4 
MC68HCO5C8 
MC68HC21 
HCMOS CERAMIC i 
MC68020R 0/77 0/77 0/77 0.00 
MC68605R 0/231 0/231 0/231 0.00 
MC68824R 0/231 0/231 1/230 0.43 
MC68851R 0/77 f 0/77 0/77 0.00 
MC68881R 0/74 0/74 0/74 0.00 
MC68704P2 0/135 0/135 0/135 0.00 
TOTAL 0/825 1/824 0.12 
CMOS PLCC 
MC146805F2 0/76 , 0/76 0.00 
MC146805G2 0/114 0/113 0.00 
MC146818 0/38 0/38 0.00 
MC146818A 0/76 0/76 0.00 | 
0/304 0/303 0.00 
CMOS DIP ; 
MC146805E2 0/38 0/38 0.00 
MC146805F2 0/189 ~~ 0/189" ~ 0,00 
MC146805G2 0/152 0/152 0.00 
MC146818 0/38 0/38 0.00 
MC146818A 0/76 0/76 0.00 
MC146823 0/76 0/76 0.00 
MC1468705F2 0/38 0/38 0.00 
0/607 0/607 0.00 
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Table 2-10. Temperature Cycle Test 
GRAND TOTAL 


TEMPERATURE: -—65°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 





— Failures Per Sample — 


- Device T 
iia 100 cyc |. 500cye 1K cyc % Failures 


NMOS 0/2716 0/2715 §/2715 
HMOS 3/3808 ; 7/3786 15/3759 
CMOS 0/912 0/911 0/910 

HCMOS . ; 2/3652 5/3649 10/3637 





PLCC 2/2804 9/2801 13/2785 
DIP 3/6436 3/6414 10/6392 
PLASTIC , 5/9240 12/9215 23/9177 
CERMAIC 0/1848 0/1846 7/1844 


GRAND TOTAL 5/11088 12/11061 30/11021 | oss 





Table 2-11. Temperature Cycle Test 


TEMPERATURE: —50°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


Device Type — Failures Per Sample — 
i 100 eye 


NMOS DIP 
MC68661 0/114 0/114 0/114 0.00 
MC68901 0/38 0/38 0/38 0.00 


0/152 0/152 0/152 0.00 


HMOS DIP 
MC6801 
MC6801U4 
MC68000 
MC68008 
MC68230 
MC68681 





HMOS PLCC 
MC68HC11 0/384 0/384 0/384 
MC68705R3 0/107 0/107 0/107 
CUSTOM G 0/737 1/737 0/736 
CUSTOM E 0/154 © 0/154 ° 0/154 


0/1382 1/1382 0/1381 


HMOS PLCC 
MC68HC11A8 7 : 0/80 
MC68881 . ; 0/75 
CUSTOM E 2/195 
CUSTOM G 0/308 


2/658 
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Table 2-12. Temperature Cycle Test 
GRAND TOTAL 


TEMPERATURE: —50°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


- Failures Per Sample 2 


Device Type 





GRAND TOTAL 3/2806 3/2801 3/2789 rT een 


13 
0.9 7 e: 


Oe ee a 
0.7 : 
sea aaa ane 
FAILURE 0.5 . 
RATE 94 : 


0.3 
0.2 
0.1 
0+ 
YR 1985 BESS ; ' -. YR 1986 , YR 1987 
YEAR 


Figure 2-5. Temperature Cycle Trend Chart 


Thermal Shock Test 


The objective of thermal. shock testing is the same as that for temperature cycle testing - — to 
emphasize differences in expansion coefficients for components of the packaging system. How- 
ever, thermal shock provides additional stress in that the device is exposed to a sudden change 
in temperature due to the transfer time of ten seconds maximum as well as the increased thermal 
conductivity of a liquid ambient. Devices are placed in a flourocarbon bath and cooled to — 65°C. 

After being held in the cold chamber for five minutes minimum, the devices are transferred to 
an adjacent chamber filled with flourocarbon at + 150°C for an equivalent time. Two five minute: 
dwells plus two ten second transitions constitute one cycle. Test duration is normally for 1000 
cycles with some tests being extended to look for longer term effects. 


Table 2-13 lists the results of the thermal shock test and Table 2-14 lists the grand total of Table 
2-13. Figure 2-6 shows the trend chart for the thermal chart for the thermal shock test. 
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Table 2-13. Thermal Shock Test 


TEMPERATURE: —65°C to + 150°C 
STRESS METHOD: Liquid to Liquid 
LONGEST STRESS: 1000 Cycles 


: — Failures Per Sample — ~ 
rose [| to0eye | S00cye | Kye |S Failures 


NMOS DIP - 
MC2674 . 
MC3870 
MC6800 
MC6802.. 
MCM6810 
MC6846. 
MC6850 
MC68488 
MC68661 





HMOS DIP , 
MC6801 0/432 0/431 
MC6803U4 0/68 0/68 
MC6804J2 0/343 : 0/343 
MC6804P2 0/34 0/34 
MC6805P2 0/68 0/68 
MC6805P4 °° a. “0/34 0/34 
MC6805P6 0/432 0/428 
MC6805R3 ~ ; 0/34 0/34 
MC6805S2 0/68 0/68 
MC6805S3 0/34 ~ 2/32 
MC6805T2 0/34 0/34 
MC68661 : 0/34 - 0/33 - 
MC68681 : 0/102 0/95 
MC68901 , 0/33 0/33 - 


0/1750 2/1735 


HMOS CERAMIC 
MC6801L 
MC6850 
MC68000L 
MC68010R 
MC68451L- 


HCMOS DIP 
XC68HC01 
MC68HCO05C8 


HMOS PLCC 
MC68HC11 0/615 2/614 0/612 


HCMOS CERAMIC 
MC68020R 
MC68881R 


CMOS DIP 
MC146805G2 ~ 
MC146805F2 
MC146818 - 
MC146823 





F 
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Table 2-14.. Thermal Shock Test 
GRAND TOTAL 


TEMPERATURE: -—65°C to + 150°C 
STRESS METHOD: Liquid to Liquid 
LONGEST STRESS: 1000 Cycles 


F — Failures Per Sample — 
Device Type 
100 eve 500 eye Ce 


NMOS 
HMOS 
CMOS 
HCMOS 


PLCC 

DIP 
PLASTIC 
CERAMIC - 


GRAND TOTAL 0/3970 8/3964 4/3924 a ee 





0.8 
2. 


0.7 ; ' 

cum % °° . : 7 

FAILURE 0.4 # 7 

RATE 9, | . . 
ee eee 
0.1 


0 
YR 1985 YR 1986 . YR 1987 
YEAR , 


Figure 2-6. Thermal Shock Trend Chart 


Data Retention Test 


Data retention-testing or high temperature storage is performed to measure the stability of the 
programmed EPROM and EEPROM devices during storage at elevated temperatures with no 
electrical stress applied. The devices are stored at an ambient of 150°C. An acceleration of charge 
loss from the storage cell is the expected result. All groups are typically tested to 1008 hours. 


Table 2-15 lists the results and the grand total of the data retention test. Figure 2-7 shows the 
trend chart for the data retention bake test. 
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Table 2-15. Data Retention Test. 


TEMPERATURE: 150°C 
LONGEST STRESS: 1008 Hours 


Device Type — Failures Per Sample — 
evi 
i ieee [Sa es. | ———T008 
HMOS CERAMIC 


MC1468705F2 
MC68701U4 
MC68705R3 
MC68704P2 
MC68701 


HMOS DIP 
MC68000 0/100 0/100 0/100 
HMOS PLCC 
MC68705R3 1/2044 0/2043 


HCMOS PLCC 



















1/2043 




















XC68HC11A8* 1/385 0/381 0/377 
MC68HC11A8* _2/1668 — _2/1667 | 667 _ 2/1665 _ 
TOTAL ~ 3/2053 “2/2048 ~ 2/2042 0. 034 





1/2798 0/2797 1/2797 0.07 
3/2083 2/2048 2/2042 
GRAND TOTAL 4/4851 3/4839 


*These EEPROM units were prestressed through 10K write/erase cycles. 





e. 
Mg 
Veeeee We eee 
RATE 092 

0.15 

0.1 
0.05 


0 
YR 1985 YR 1986 YR 1987 
YEAR 


Figure 2-7. Data Retention Bake Trend Chart 


EEPROM Write/Erase Cycling Test 


The write/erase endurance test measures EEPROM cell operation over an expected life time. All 
cells are alternately cycled for 10,000 cycles between an erased state ‘1 and a write state “0” 
at the device high temperature specification of 85°C. The most common failure mode is failure 
to write a ‘’0’”’ within the 10 msec specification limit. 
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Table 2-16 lists the results and grand total of the EEPROM write/erase cycling test. Table 2-17 lists 
the average outgoing quality from year 1979 through 1987. 


Table 2-16. EEPROM Write/Erase Cycling Test 


VOLTAGE: 5.5 Volts ee 
TEMPERATURE: 85°C 
LONGEST STRESS: 10K Cycles 








— Failures Per Sample — 


Device Type : 
ee eee ae ee ee ee 






























































| HCMOS PLCC 
XC68HC11A8 1/288 1/287 - 3/286 ; 0/283 1/283: 
(Mask: 1B96D) 
XC68HC11A8 3/642 2/633 2/629 2/627 0/625 
(Mask: 2B96D) 
MC68HC11A8 1/314 1/313 0/312 0/312 0/312 
(Mask: 2B96D) 
MC68HC11A8 3/1289 1/1285 







0/1286. 0/1286 1/1286 
(Mask: 7B96D) 


TOTAL 8/2533 4/2519 - 5/2513 3/2508 2/2505 aera 


Write/Erase Cycling Failure Rate Calculation 


Test 85°C 70°C Equiv. % 1K cys 






















HCMOS PLCC 
MC68HC11A8 1244 12,440,000 2.58x 107. 
(Mask: 1 & 2B96D) 
MC68HC11A8 1289 12,900,000 2.67 x 107 





(Mask: 7B96D (Current Mask)) 


1) Activation energy used in nrbeuneloota device cycle calculation is 0.53 eV.. 
2) 90% confidence. 


Table 2-17. Average Outgoing Quality 


so Electrical Ss :Visual/Mech. 
Time Frame AOQ (PPM) a - _AOQ (PPM) 
: Actual Actual 


Year 1979 (~)4000 (~)4500 
Year 1980 (~)2000 (~)2500 
Year 1981 1725 1920 
Year 1982 717 1103 
Year 1983 383 380 
Year 1984 7 aa 419 403 
Year 1985 a. 272 137 
Year 1986 291 509 
Year 1987 232 190 
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RESULTS AND CONCLUSION 


The 1987 Microprocessor Reliability results indicate that the major product lines have-excellent 
overall reliability performance. The reliability performance of our products is evaluated through 
extensive stress/testing which includes life test, temperature cycle, thermal shock, THB, autoclave, 
and data retention bake. This year’s results indicate there are many areas where significant gains 
were. made in reliability Reriprmance as compared to the 1986. rong: Sas a 


The overall High Toniperatire Operating Life test result for the year was excellent with a failtira 
rate of 117 FITs compared to.the 1986 yearly total of 264 FITs (based on.0.7: eV). Failure rate 
improvements were seen in all of the key process technologies during the year. The life test failure 
rate for NMOS was 91 FITs which is a 55% improvement compared to the previous yearly results. 
The HMOS failure rate improved to a 127 FIT level as compared to the 467 FIT level this technology 
achieved in 1986. The HCMOS failure rate was 224 FITs which is a 16% improvement in the 1986 
figure. The 5 micron CMOS technology achieved a failure rate of 125 FITs which is excellent and 
a significant improvement over 1986. 


The environmental results for 1987 indicate that our products lines are capable of meeting rigid 
environmental extremes with very low failure rates. The actual stress results for the various 
thermal cycling and moisture tests are detailed below. 


The temperature cycle results for 1987 improved to an overall 0.43% cumulative failure rate 
through 1000 cycles. This is a 51% gain over the 1986 figures. Thermal shock results for this 
period also improved substantially to a 0.30% level. These figures are excellent. 


Both temperature humidity bias and autoclave produced improved failure rate performance during 
1987. Temperature humidity bias achieved a 0.16% cumulative failure rate through 1008 hours. 
The autoclave test for this time frame resulted in a 0.11% figure which is a 56% improvement 
over 1986. 


Data retention bake, which is used to evaluate the ability of the MCU EPROM and EEPROM devices 
to store charge over an extended period of time, has a cumulative percent fallout of 0.19%. This 
figure has improved 42% during 1987 as compared to the previous years results. 


Write/erase cycling, which was begun this year to measure the MCU EEPROM arrays operational 
endurance over an expected life time, resulted in an overall failure rate of 0.056%/1K cycles at 

70°C. The most recent material evaluated | in the bi mauenter of cd, achieved a 0. ool K cycles 
failure rate. 


Average Outgoing Quality levels for both electrical and visual/mechanical performance improved 
for 1987. The yearly figures are 232 ppm for electrical and 190 ppm for visual/mechanical. 


In'summary, the Motorola Microprocessor Product Group’s products are achieving very high 
levels of reliability and quality performance. Improvements in many key areas have been made 
during the course of the year, and as a group our goal will be to continually upgrade the Reliability 
and Quality of our products. 


For more lisfotimation; contact Microprocessor Reliability Engineering at 512/440- sac or write to: 


. Microprocessor Reliability Engineering 
+ Motorola Inc. 

6501 William Cannon Drive West 
Austin, Texas 78735-8598 
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FAILURE RATE CALCULATIONS 


Environmental tests are designed to measure device resistance to unusual and severe stress not 
expected under normal operating conditions. Device performance under these conditions is ex- 
pressed as a percent of devices defective and compared to previous results. Life tests, on the 
other hand, accelerate the use conditions of the device with temperature and voltage in a manner 
which is more quantitatively correlatable to system operation. Life test failure rates are expressed 
as failures per unit time and are calculated using established principles or probability and statistics. 


The sinieinies of reliability engineering have indicated that failure rates for semiconductor devices 
will take the form of thebathtub” curve (Figure 2-8). 


CLASSICAL FAILURE RATE CURVE 


f 


FAILURE 
RATE 





TIME 


Figure 2-8. Device Failure Rate as a Function of Time 


The following three regions are represented in the curve: 
1. Infant Mortality — a region of high bur rapidly declining failure cates, usually associated viet) 
manufacturing defects. 


2. Random Failures — a region of low, random failures caused by more subtle defects. This 
~ area of the curve represents the useful part of device life. 


3. Wearout — a region of rapidly.rising failure rates related to device wearout. Most semicon- 
ductors will not reach this stage before they are replaced because of changes in technology. 


Techniques for calculating life test failure rates assume that the devices being tested have passed 
infant mortality and entered the stable random failure portion of the life curve. Failures which 
occur in this area are few and are known to approximate specific probability distributions. These 
probability distributions are used to calculate sample failure rates which can be projected to the 
population in general through the application of confidence limits. Techniques used to calculate 
life test failure rates for micorprocessors are discussed below. 


A failure rate for any sample of life tested devices can be determined by dividing the number of 
failures by the number of device hours. However, this rate will apply to that sample only. Ff you 
are interested in projecting from the sample to the population in general, you must establish 
confidence limits. The application of confidence limits is a statement of how “confident” you are 
that the sample failure rate approximates that for the population in general. To obtain rates with 
different confidence levels, it is necessary to make use of specific probability cea which 
take the same form as the actual failure distribution. 
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It has been determined that failures in semiconductors that have entered the middle portion of: 
the bathtub curve will approximate a Poisson distribution; this distribution applies when one has 
a large sample with an extremely small number of events -of interest, such as-device failures. 
Given a Poisson failure process, a Chi-Square distribution can be used to establish confidence: 
limits for failure rates. R&QA Engineering has determined that the following general formula,- 
which utilizes values from a Chi-Square table, can be used to calculate failure rates for semicon- 
ductors: 


(1) 


where: 
}  =Failure Rate 
x2. =Chi-Square Function 
_. 100 — Confidence Level 


100 
_d.f. .=Degrees of Freedom=2r+2 
r = Number of Rejects 


t = Device Hours 


To calculate the failure rate, first determine the level of confidence you require and calculate 
degrees of freedom. Select the Chi-Square value for a Chi-Square distribution table with the 
appropriate degrees of freedom and confidence level. Divide that value by twice the actual device. 
hours, at the temperature of interest. 


The above formula applies for calculating a device failure rate, provided that the test is conducted 
at system temperature. However, since we are unable to observe long-term effects which develop 
over time, the test is accelerated through the application.of a high temperature. In oder to calculate 
a failure rate at the ambient temperature of a system, a factor must be supplied to compensate 
for the acceleration. The factor (Fa) which equates test temperature with rated temperature is 
derived from the Arrhenius relationship: 


Fa=exp( (h/k)* (1 —1))_ (2) 
Tr Tt 
where: 
Fa =Acceleration Factor 
o@ =Activation Energy, eV 
k  =Boltzman’s Constant, 8.62 107 SeV/K 
Tr =Junction Temperature, K at the Rated 
Ambient of 70°C 
Tt =Junction Temperature, K at the Life Test 
Ambient of 125°C 


Motorola uses 70°C for the system temperature (To) to more closely approximate the actual 
temperature of the device during system operation and to supply a degree of conservatism to 
the failure rate calculation. 


Motorola uses an activation energy value of 0.7 electron volt. A 0.7 eV was selected as an average 
value because a variety of different failure mechanisms exist for microprocessor and other VLSI 
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devices, with activation energies ranging from 0.40 eV for oxide-related failures to 1.0 eV or greater 
for contamination and metal:related failures. Tr and Tt of the equation are the average junction 
temperatures present at the rated and test.ambients. Motorola uses junction, rather than ambient 
temperature, because they produce acceleration factors that are more conservative and. pepe: 
sentative of actual Fonditions. nese temperatures are calculated as follows: 

_fs 4 oon ante : 


“TJ=TA+PDOJA | (3) 


where: 
TJ = Junction Temperature, °C 
TA = Ambient Temperature, °C 
PD = Average Power Dissipation, Watts 
6JA |= Thermal Resistance — Junction to Ambient, 
°C Per Watt 


Once this step has been completed, the acceleration factor can be calculated and applied as a 
multiplier to the number of device test hours under accelerated test conditions to determine the 
equivalent number of hours at rated operating. conditions. To determine the failure rate at the 
operating temperature use equation (1) substituting the equivalent device hours at rated tem- 
perature for t in the equation. 


Equation (1) provides a failure rate expressed in percent per thousand hours. This number, stated 
aS.a percentage per each thousand hours of operation, is one way Motorola R&QA Engineering 
expresses failure rates for Microprocessors. One other way of expressing failure rates is Failures 
In Time (FITs) which refers to failed units per 109 device hours (1 FIT=\ x 104). 


Mean Time To Failure (MTTF) is another parameter frequently used to express failure rates. MTTF: 


is the average time to a failure of a: ponrenereitc item such asa Secon gucHal and is expressed 
as the FOEIpOeE! of the failure Rane : ; 


. 1 ay ii 
wrt ai 
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Volume | and Il 





This chapter (found in both Volume | and Volume I!) contains the data sheets 


for the Microprocessors, Microcontrollers, and Peripheral devices. For information 
on packaging, refer to Chapter 4. Ordering forms are located in Chapter 6. 
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TECHNICAL DATA MC2672 


Advance Information 
Programmable Video Timing Controller 
(PVTC) 


The MC2672 programmable video timing controller (PVTC) is a programmable device designed: 
for use in CRT terminals and displays systems that employ raster scan techniques. The PVTC gener- 
ates the vertical and horizontal timing signals necessary for the display of interlaced or non-inter- 
laced data on a CRT monitor. It provides consecutive addressing to a user specified display buffer 
memory domain and controls the CPU-display buffer interface for various buffer configuration 
modes. A variety of operating modes, display formats, and timing profiles can be implemented by 
programming the control registers in the PVTC. Applications include CRT terminals, word-process- 
ing systems, small business computers, and home computers. 


@ 4 MHz Character Rate 

@ Up to 256 Characters Per Row 

1 to 16 Raster Lines Per Character Row 

Up to 128 Character Rows Per Frame 

Programmable Horizontal and Vertical Sync Generators 
Interlaced or Non-Interlaced Operation 

Up to 16K: RAM Addressing for Multiple Page Operation 
Automatic Wraparound of RAM 

Addressable, Incrementable, and Readable Cursor 
Programmable Cursor Size, Position, and Blink 

Split Screen and Horizontal Scroll Capability 

Light Pen Register 

Selectable Buffer Interfce Modes 

Dynamic RAM Refresh 

Completely TTL Compatible 

Single +5-Volt Power Supply 

Power-On Reset Circuit 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 














































CE Interface Control -CTRLI 
Bea Se Display ; : 
> Initialization Memory CTRL2 
and. Display 
. Reai : Handshake : an3 
-_ : ..Registers : 
Ww Read/Write fe Logic CTRL3 
Control Logic 
Command, 
Decode Display 
bene DADDO 
Address: DADD13 
Timing 
si Address _Interrupt : A 14 
oe Decoder Logic and 
Status 
Register Cursor, ; 
Pointer, and Light Pen Strobe 
Light Pen ; 
Registers 







Cursor and © a< 
Data Bus Logic 
Drivers 
HSYNC 
GND ; =r : 
CCLK Clock enn VSYNC/CSYNC 
Buffer Decode Logic 
BLANK 





ABSOLUTE MAXIMUM RATINGS 


Symbol 
rated voltages to this high-impedance 
circuit. For proper operation it is rec- 


THERMAL CHARACTERISTICS ommended that Vin and Vout be con- 


Ver Reliabiley of aesstane 


Vout)=Vcc. Reliability of operation is 
Thermal Resistance 50 °C/W enhanced if unused inputs are tied to 
Plastic Package 







This device contains circuitry to pro- 
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre- 
cautions be taken to avoid application 
of any voltage higher than maximum- 











Value Rating 









an appropriate logic voltage level (e.g., 
either GND or Vcc). 
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_ POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
— - Ty=Ta+(Pp* ea) (1) 
where: ... ; 
TA = Ambient Temperature, °C 
OIA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = PINT+ PPORT 
PINT =I!ccxVcc, Watts — Chip Internal Power 


PporT = Port Power Dissipation, Watts — User Determined 


. For most applications PPORT<PINT and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 
wen | Pp=K-+(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K=Pp(Ta + 273°C)+ 6yarPp? Se (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 
equilibrium) for a known Ta. Using this value of K, the values of PD and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ta 


DC ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Voc =5.0 V +5%) 





NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


MOTOROLA MICROPROCESSOR DATA. 
3-3 





MC2672 


AC ELECTRICAL CHARACTERISTICS — BUS TIMING (Ta =0° to 70°C, Vcc =5.0 V 5%, See Note 1} 


MC2672B3 MC2672B4 poms 


Parameter Unit 


| iin | Max 
A0-A2 Setup Time to W, R Low fae ae 
A0-A2 Hold Time from W, R High pe 3] 
Poet 
pee 
a 


CE Setup Time to W, R Low 

CE Hold Time from W, R High 

W, R Pulse Width 250 © f 

Data Valid after R Low 


Data Bus Floating after R High : 
Data Setup Time to W High ue 


Data Hold Time from W High | - | 


ns 
ns 


NOTES: 


1. Timing is illustrated and specified referenced to W and R inputs. Device may also be operated with CE as the “strobing” 
input. In this ase, all timing specifications apply referenced to falling and rising edges of CE. 

2. This specification requires that the CE input be negated (high) between read and/or write cycles. 

3. All voltage measurements are referenced to ground. All time’ measurements are at the 0.8 V to 2.0 V level for inputs and 

- outputs. Input levels are 0.4 V to 2.4 V. i ; 


High Time from CE to CE (see Note 2) Consecutive Commands 
Other Commands 





BUS TIMING DIAGRAM 





tRwW 


00-07 (Reed! 5 Not Vai i 


4 


DO-D7 (Write) 
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AC ELECTRICAL CHARACTERISTICS — CHARACTER CLOCK TIMING (Ta =0°C to 70°C, Vcc =5.0 V +5%, See Note.1) 


‘MC2672B3 'M2672B4 


Parameter . 


- 1 CCLK Period 


Output Delay Time from CCLK Edge 
DADDO-DADD13, BCE, WDB, RDB, MBC 
BLANK, HSYNC, VSYNC/CSYNC, CURSOR, BEXT, BREQ, BACK ! 
NOTES: i , 
1. BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these Output delays will tend to follow the direction 
(minimum/maximum) of DADDO-DADD13 delays. 
2. All voltage measurements are referenced to ground. All time measurements are at the 
outputs. Input levels are 0.4 V to 2.4 V. 





0.8 V to 2.0 V level for inputs and 


CHARACTER CLOCK TIMING DIAGRAM 





Outputs 
(See Note 1) 





NOTES: oy 
1. DADDO-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREO K. 


2. BCE changes state on both CCLK edges. 


w 
i) 
= 
wD 
2 
wow 
Pb 
Q 
x 
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‘| READY/RDFLG Low from W HIGH 
_ | BEXT High from PBREQ High 
[Light Pen Strobe Setup TimetoCcktow dT Cts «| | | tO TT 


St ae Parameter ° se 


INTR Low from CCLK Low 
TNTR High:from W, R High 
NOTES: ane eae a 
1. Timing is illustrated and specified referenced to W and R inputs. Device may also be’ operated with CE as the “strobing” 
input. In this case, all timing specifications apply referened to falling and rising edges of CE. , 


2. All voltage measurements are referenced to ground. Ail time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


OTHER TIMING DIAGRAMS 





Vertical Blanking 
Interval 


BLANK 





First HSYNC 
of VBLANK 


HSYNC 


VBLANK 
Status Bit 


CCLK 
tccD 
BLANK Horizontal 
Blanking Interval 
tccb tccD 


DADD3- Multiplexed Address of First 
DADD13 Signals Valid Character of Row 


Line Zero and 
Split Screen 
Status Bit 


IRL 
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OTHER TIMING DIAGRAMS (Continued) 






LPS 


Light Pen 
Status Bit 





DADDO- Character ’ Character Address in Light ’ Character - He 
DADD13 Address n I\; Address n+1 Pen Register - Address:n+3 ‘ 


W fora : aa 
Delayed ; 
Command , ey 
Ready or 
RDFLG Status : 
Bits 





"Wor R Which 
Resets 
Interrupt 


INTR: 
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COMPOSITE SYNC TIMING DIAGRAM 


Even Field ‘First Displayed Scan 


Last Displayed Scan i 
Vertical SYNC of Even Field 
of Previous i — Front Porch Pulse > — vera Back pert ‘Horizontal Sync 
cone n n l 1 J l j j n n n n n n l I i f I l nl i B é Pulses 
BLANK Vertical Blanking interval 


Odd Field ; a Ate tear: 

rast Disslaved i. irst Displayed Scan 

er f Mi ae aK Vertical Front Porch — % H Vertical A Vertical Back Porch — % H of Odd Field 
of Even le Pulse > {eH} < 


CSYNC 


, % Horizontal SYNC—3>| kae— . j«<——3>1— H Period 
BLANK Vertical Blanking Interval f 


Horizontal Blanking interval 


nee 
. In non-interlaced operation the even field is repeated continuously, and the odd field. is not. 
2 Interlaced operation the even field alternates with the odd field. 
3. All voltage measurements are referenced to ground, All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


SIGNAL DESCRIPTION WRITE STROBE (W) 
; ; ; : This pin is an active low input. A low on this pin while chip 
The input and output signals for the PVTC are described in enable is also low causes the contents of the data bus to be 
the following paragraphs. transferred to the register selected by AO-A2. The transfer 
occurs on the rising edge of W. 
Vcc AND GND 
Power is supplied to the PVTC using these two pins. Vcc CHIP ENABLE (CE) 
eine +5 volts +5% power input and GND is the ground This pin is an active low input. When low, data transfers 
SOMeCtan: between the CPU and the PVTC are enabled on D0-D7 as 
controlled by the W, R, and AO-A2 inputs. When CE is high, 
ADDRESS LINES (A0-A2) the PVTC is effectively isolated from the data bus and DO 
These lines are used to select PVTC internal registers for through D7 are placed in the high-impedance state. 


read/write operations and for commands. 


DATA BUS (D0-D7 CHARACTER CLOCK (CCLK) 
( } This pin is the timing signal derived from the video dot 


These lines comprise the 8-bit bidirectional three-state , clock which is used to synchronize the PVTC’s timing func- 
data bus. Bit 0 is the least significant bit and bit 7 is the most tions. 


significant bit. All data, command, and status transfers bet- 
ween the CPU and the PVTC take place over this bus. The 


direction of the transfer is controlled by the read and write in- HORIZONTAL SYNC (HSYNC) 


puts when the chip enable input is low. When the chip This pin is an active high output which provides video 
enable input is high the data bus is in the high-impedance horizontal sync pulses. The timing parameters are program- 
state. mable. 
READ STROBE (R) VERTICAL SYNC/COMPOSITE SYNC (VSYNC/CSYNC) 
This pin is an active low input. A low on this pin while chip _ A control bit selects either vertical or composite sync 
enable is low causes the contents of the register selected by pulses.on this active high output. When CSYNC is selected, 
AOQ-A2 to be placed on the data bus. The read cycle begins equalization pulses are included. The timing parameters are 
on the falling edge of R. programmable. 
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BLANK (BLANK) 

This active high output defines the horizontal and vertical 
borders of the display. Display control signals which are out- 
put on DADD3 through DADD13 are valid on the trailing 
edge of BLANK. 


CURSOR GATE (CURSOR) - 

This active high output becomes active for a specified 
number of scan lines when the address contained in the cur- 
sor registers matches the address output on the display ad- 
dress (DADDO through DADD13). The first and last lines of 
the cursor and a blink option are programmable. 


INTERRUPT REQUEST (INTR) 

This pin is an open-drain output which supplies an active 
low interrupt request from any of five maskable sources. 
This pin is inactive after power-on reset or a master reset 
command. 


LIGHT PEN STROBE (LPS) 

This positive edge triggered input indicates a light pen ‘hit’ 
causing the current value of the display address to be 
strobed into the light pen register. 


HANDSHAKE CONTROL 1 (CTRL1) 

In independent mode, this pin provides an active low write 
data buffer (WDB) output which strobes data from the inter- 
face latch into the display memory. In transparent and 
shared modes, this is an active low processor bus request 
(PBREQ) input which indicates that the CPU desires to ac- 
cess the display memory. This pin must be tied high when 
operating in row-buffer mode. 





‘HANDSHAKE CONTROL 2 (CTRL2) 

In independent mode, this pin provides an active low read 
data. buffer (RDB) output which strobes data from the 
display memory into the interface latch. In transparent and 
shared modes, CTRL2 is an active low bus external enable 
(BEXT) output which indicates that the PVTC has. relin- 
quished control of the display memory (DADDO-DADD13 are 
in the high-impedance state) in response to a CPU. bus. re- 
quest. BEXT also goes low in response to a ‘‘display off and 
float DADD" command. In. row-buffer mode, CTRL2 is an 
active low bus request (BREQ) output which halts the CPU 
during a line DMA. , 








HANDSHAKE CONTROL 3 (CTRL3) 


In independent mode, this pin provides the active low buf- 
fer chip enable (BCE) signal to the. display memory. In 
transparent and shared modes, CTRL3 provides an active 
low bus acknowledge (BACK) output which serves as a 
ready signal to the CPU in response to a processor bus re- 
quest. In row buffer mode, CTRL3 is an active high memory 
bus control (MBC) output which configures the system for 
the DMA transfer of one row of character codes from system 
memory to the row display buffer. 





DISPLAY ADDRESS (DADD0-DADD13) 

The display address is used by the PVTC to address up to 
16K of display memory. These outputs are floated at various 
times depending on the buffer mode. Various control signals 
are multiplexed on DADD3 through DADD13 and are valid at 
the trailing edge of BLANK. The ne paragraphs 
describe these control signals. 


LINE INTERLACE (DADD3/LI): — Replaces DADD4/LAO 
as the least significant line address for interlaced sync and 
video applications. A low indicates an even row of an even 
field or an odd row of an odd field. 


LINE ADDRESS (DADD4-DADD7/LA0-LA3) — Provides 
the. number of the current scan line within each. character 
row. 


LINE ZERO (DADD8/LNZ) — Asserted before. the first 
scan line in each character row. 


LIGHT PEN -LINE (DADD9/LPL) — Asserted before the 
scan line which matches the programmed ght. pen line posi- 
tion (line three, five, seven, or nine). 


UNDERLINE (DADD10/UL) — Asserted before the scan 
line which matches the programmed underline position (line 
0 through 15). 


BLINK FREQUENCY (DADD11/BLINK) — Provides .an 
output divided down from the vertical sync rate. 


ODD FIELD (DADD12/ODD) — Active high signal which 
is asserted before each scan line of the odd field when inter- 
lace is specified. 


LAST LINE (DADD13/LL) 


— Asserted before the last scan 
line of character row. 


FUNCTIONAL DESCRIPTION ° 


The following paragraphs describe the major blocks (data- 
bus buffer, interface logic, operation control, timing, display 
control, and buffer control) which comprise the PVTC. 


DATA-BUS BUFFER 

-. The data-bus buffer provides the interface between the ex- 
ternal and internal data buses. It is controlled by the opera- 
tion control block to allow read and write operations to take 
place between the controlling CPU and the PVTC. 


INTERFACE LOGIC 

The interface logic contains address decoding and read 
and write circuits to permit communications with the micro- 
processor via the data-bus buffer. The functions performed 
by the CPU read ‘and write operations are as shown in 
Table 1. . 
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TABLE 1 — PVTC ADDRESSING 





interrupt Register 
Status Register 










CC ; 






Screen Start Address Lower Register 
Screen Start Address Upper Register 
Cursor Address Lower Register 
Cursor Address Upper Register 
Light Pen Address Lower Register 
Light Pen Address Upper Register ~ 


Initialization Peery 
Command Register 
Screen Start Address Lower Register 
Screen Start Address Upper Register 
Cursor Address Lower Register 

Cursor Address Upper Register 
‘Display Pointer Address Lower Register 
Display Pointer Address Upper Register 





















“There t are 11 initialization registers which are accessed sequentially via a simple address. The PVTC 
maintains an internal pointer to these registers which is ‘incremented after each write at this address 
until the last register (IR10, the split-screen register) is accessed. The pointer then continues to point 
to the split-screen register. Upon power-up or a master reset command, the internal pointer is reset to 
point to the first register (IRQ) ;of the initialization register group. The internal acl ak can also be ie preeet 
to any register of the group via the “load IR address pointer” command. 


OPERATION CONTROL 


The operation control section decodes configuration: and 
Operation commands from the CPU and generates appro- 
priate signals to other internal sections to control the overall 
device operation. It contains the timing and display registers 
which configure the display format and. operating modes, 
the interrupt: logic, and the ‘status register which provides 
operational feedback to the CPU. 


TIMING 


The timing section contains the cursors and decoding 
logic necessary to generate and monitor timing outputs and 
to control the display format. These timing parameters are 
selected by programming of the initialization régisters. ~ 


DISPLAY CONTROL 


The display control section generates linear addressing of 
up to 16K bytes of display memory. Internal comparators 
limit the portion of the memory which is displayed to pro- 
grammed values. Additional functions performed in this sec- 
tion include cursor positioning, storage of light pen “‘hit’’ 
locations, and address comparisons required for generation 
of timing signals and the split-screen. interrupt. 


BUFFER CONTROL 


The buffer control section generates three signals which 
control the transfer of data between the:CPU and the display 
buffer memory. Four. system configurations requiring four 
different handshaking: schemes are supported. These. are 
described in SYSTEM CONFIGURATIONS.. 


SYSTEM CONFIGURATIONS 


Figure 1 illustrates the block diagram. of a typical display 
terminal that uses an MC2672, character ROM, a keyboard in- 
terface, and an attribute controller. In this system, the CPU 
examines inputs from the data communications line and the 
keyboard and places the data to be displayed in the display 
buffer memory. The buffer is typically a RAM wich holds the 
data for a single or multiple screenload (page) or for a single 
character row. 


The PVTC supports four common system configurations 
of display buffer memory, designated the independent, 
transparent, shared, and row-buffer modes. The first three 


modes utilize a single or multiple page RAM and differ 
primarily in the means used to transfer display data between 
the RAM and the CPU. The row-buffer mode makes use of a 
single row buffer (which can be shift register or a small 
RAM) that is updated in real time to contain the appropriate 
display data. , 

The user program bits 0 and 1 of IRO to select the mode best 
suited for the system environment. The CNTRL1-CNTRL3 out- 


- puts perform different functions for each mode and are named 


accordingly in the description of each mode given in the fol- 
lowing paragraphs. 


INDEPENDENT MODE 

The CPU-to-RAM interface configuration for this mode is 
illustrated in Figure 2. Transfer of data between the CPU and 
display memory is accomplished via a bidirectional latched 
port and is controlied by the signals read data buffer (RDB), 
write data buffer (WDB), and buffer chip enable (BCE). This 
mode provides a non-contention type of operation that does 
not address the memory directly. The read or write operation 
is performed at the address contained in the cursor address 
register or the pointer address register as specified by the 
CPU. The PVTC enacts the data transfers’ during blanking 
intervals in order to prevent visual disturbances of the 
displayed data. 

The CPU manages the data transfers by supply commands 
to the PVTC. The commands used are: 


1. Read/write at pointer address. 
2. Read/write at cursor address (with optional incre- 
ment of address). 
_._ 3. Write from cursor address to pointer Miaieesa 
The. operational sequence for a write operation is: - 
1. CPU checks RDFLG status -bit to assure that any 
previous operation has been completed. 
2. CPU loads data to be written to display memory into 
the interface latch. 
3. CPU writes address into cursor or pointer registers. 
4. CPU issues ‘‘write at cursor with/without increment” 
or “write at pointer’ command. 
.5. PVTC generates control signals and outputs specified 
address to perform requested operation. Data is 
copied from the interface latch into the memory. 
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6. PVTC sets RDFLG status to indicate that the write is 
completed. 


Similarly, a read operation proceeds as follows: 
1. Steps 1. and 3. as above 


2. CPU issues “read at cursor with/without increment’ 
or ‘‘read at pointer’ command. 


3. PVTC generates control signals and outputs specified 
address to perform requested operation. Data is 
copied from memory to the interface latch and PVTC 
sets RDFLG status to indicate that the read is com- 
plete. ae 

4. CPU checks RDELG status to see if operation is com- 
pleted. 

5. CPU reads data from interface latch. 

Loading the same data into a block of display memory is 
accomplished via the ‘write from cursor-to-pointer’ com- 
mand: 

1.:CPU checks RDFLG status bit to assure that any 
previous operation has been completed. 

2. CPU loads data to be written to display memory into 
the interface latch. 

3. CPU writes beginning address of memory block into 
cursor address register and ending address of block 
into pointer address register. 

4. CPU issues ‘’write from cursor-to-pointer’’ com- 
mand. 


MC2672 


5. PVTC generates. contro! signals and outputs block 
addresses to copy data. from the interface latch into 
the specified block of memory. 


6. PVTC sets RDFLG status to indicate that the block 

" " write is completed. 

Similar sequences can be implemented on an interrupt 
driven basis using the READY interrupt output to advise the 
CPU that a previously requested command has been com- 
pleted.. 

Two timing sequences are possible for the ‘‘read/write at 
cursor/pointer’’ commands. If the command is given during 
the active display window (defined as first scan line of the 
first character row to the last scan line of the last character 
row), the operation takes place during the next horizontal 
blanking interval, as illustrated in Figure 3. If the command is 
given during the vertical blanking interval, or while the 
display has been commanded blanked, the operation takes 
place immediately. In the latter case, the execution time for 
the command. is approximately one microsecond plus six 
character clocks (see Figure 4). 

Timing for the ‘‘write from cursor-to-pointer”’ operation is 
shown in Figure 5. The BLANK output is asserted auto- 
matically and remains asserted until the vertical retrace inter- 
vat following completion of the command. The memory is 
filed at a rate of one location per two character times, plus a 
small amount of overhead. 


FIGURE 1 — CRT TERMINAL BLOCK DIAGRAM 
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FIGURE 2 — INDEPENDENT BUFFER-MODE CONFIGURATION 
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FIGURE 3 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING DIAGRAM 
(Command Received: During Active Display Window) 
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FIGURE 4 — READ/WRITE AT CURSOR/ POINTER COMMAND. TIMING DIAGRAM : 
(Command Received While Display is Blanked) 
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FIGURE 5 — WRITE FROM CURSOR-TO-POINTER COMMAND TIMING 
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SHARED AND TRANSPARENT: BUFFER MODES. 

In these modes the display buffer RAM is a part of the 
CPU memory domain and is addressed directly by the CPU. 
Both modes use the same hardware configuration with the 
CPU accessing the display buffer via ‘three-state drivers (see 
Figure 6). The processor bus request (PBREQ) control signal 


informs the PVTC that the CPU is requesting access to the - 


display buffer. In response to this request, the PVTC raises 
bus acknowledge (BACK), until its bus external (BEXT) out- 
put has freed the display address and data buses for CPU ac- 


cesses. BACK, which can be used as a “hold” input to the 
CPU, is then lowered to indicate that the CPU can access the 
buffer. 

In transparent mode, the PVTC delays the granting of the 
buffer to the CPU until a vertical or horizontal blanking inter- 
val, thereby causing minimum disturbance of the display. In 
shared mode, the PVTC will blank the display and: grant im- 
mediate access to the CPU. Timing for these modes is il 
lustrated in Figures 7, 8, and 9. 


FIGURE 6 — PVTC SHARED OR TRANSPARENT BUFFER MODES 
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FIGURE 7 — TRANSPARENT-BUFFER MODE TIMING. 
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/ (See Note 2) 
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DADD- -f- System: PVTC CTRL Signals ¥ 1st Char. 

7 : Address Addresses} to VAC and DCG Address to VAC and DCG Address 

NOTES: Be at : . a . 


1. PBREO must be asserted prior to the rising edge of BLANK in order for sequence to begin during that blanking period. 
2. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked. 


FIGURE 8 — SHARED-BUFFER MODE TIMING 
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FIGURE 9 — SHARED AND TRANSPARENT MODE TIMING 


~ (a) During Vertical Blank or after ‘display off”. command 


(b) After.’display. off and three-state’ command 
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VBLANK ———$>A a —___$_—. 


or DBLANK 


~“€Refresh Addresses > 


Sys. Add. 
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Addresses 


ROW-BUFFER MODE 

Figures 10 and 11 show the timing and a typical hardware 
implementation for the row-buffer mode. During the first 
scan tine (line 0) of each character row, the PVTC halts the 
CPU and DMA's the next row of character data from .the 
system memory to row-buffer memory. The PVTC then 
releases the CPU and displays the row-buffer data for the 


BLANK 


_DADD System Processor has Continuous Bus Control 


programmed number of scan lines. The bus-request control 
(BREQ) signal-informs the CPU that character addresses and 
the memory bus control (MBC) signal will start at the next 
falling edge of BLANK. The CPU must release the address 
and data buses before this time to prevent bus contention. 
After the row of character data is transferred to the CPU, 
BREO returns high to grant memory control. back to the 
CPU. 





FIGURE 10 — ROW-BUFFER MODE CONFIGURATION — 
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FIGURE 11. — ROW-BUFFER MODE TIMING 





OPERATION 


After power is applied, the PVTC will be in an inactive 
state. Two consecutive “master reset’’ commands are 
necessary to release this circuitry and ready the PVTC for 
operation. Two register groups exist within the PVTC: the 
initialization registers and the display control registers. The 
initialization registers select .the system configuration, 
monitor timing, cursor shape, display memory domain, and 
screen format. These are loaded first and normally require no 
modification except for certain special visual effects. The 
display control registers specify the memory address of the 
base character (upper left corner of screen), the cursor posi- 
tion, and the pointer address for independent memory 
access mode. These usually require modification during 
operation. 

After initial loading of the two register groups, the PVTC is 
ready to control the monitor screen. Prior to executing the 
PVTC commands which turn on the display and cursor, the 
user should load the display memory with the first data to be 
displayed. During operation, the PVTC. will sequentially ad- 
dress the display memory within the limits programmed into 
its registers. The memory outputs character codes to the 
system character and graphics generation logic, where they 
are converted to the serial video stream necessary to display 


the data on the CRT. The user effects changes to the display 
by:-modifying the contents of the display memory, the PVTC 
display control and command registers, and the initialization 
registers, if required. Interrupts and status conditions 
generated by the PVTC supply the ‘handshaking’ informa- 
tion necessary for the CPU to effect the display changes in 
the proper time frame. 


INITIALIZATION REGISTERS 


There are 11 initialization registers (IRO-IR10) which are ac- 
cessed sequentially via a single address. The PVTC maintains 
an internal pointer to these registers which is incremented 
after each write at this address until the last register (IR10, 
the split-screen register) is accessed. The pointer then con- 
tinues to point to the split-screen register. Upon power-up or 
a master reset command, the internal pointer is reset to point 
to the first register (IRO) of the initialization register group. 
The internal pointer can also be preset to any register of the 
group via the ‘‘load IR address pointer’ command. These 
registers are write only and are used to specify: parameters 
such as the system configuration, display format, cursor 
shape, and monitor timing. Register formats are shown in 
Figure 12 and described in the following paragraphs. 


FIGURE 12 — INITIALIZATION REGISTER FORMATS (Page 1 of 3) 









IRO 


0000 = 1 Line 
0001 = 2 Lines 
0010=3 Lines 













2 es 
1110= 15 Lines 
1111= 16 Lines 







Scan Lines Per Character Row : 
Not Used.-- Non-Interlaced Sync Select Buffer-Mode Select 


0000 = Undefined 
0001 =5 Lines 
0010 =7 Lines 


1110=31 Lines 
1111 = Undefined 






O=VSYNC |00= Independent 
1=CSYNC }01= Transparent 
10= Shared 
11= Row 
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FIGURE 12 — INITIALIZATION REGISTER FORMATS (Page 2 of 3) 
















7 6 5 4 3 ; 2 Tt 0 
IR1 Interlace © vs . ie 7 
Enable Equalizing Constant 
O=Non- | 0000000= 1 CCLK . 
Interlace | 0000001 = 2 CCLK Calculated from: ; 
1= Interlace ° EC=0.5 (Hact + Hep + HSYNC + Hpp) — 2(HSYNC} 
‘1111110= 127 CCLK 
4111111 =128 CCLK 
IR2 
0000=2 CCLK 
0001=4 CCLK 
e 
és. 53 
1110=30 CCLK 
1111=32 CCLK 
7 6 5 4 3 2 1 0 
IR3 * Vertical Front Porch Vertical Back Porch 
000=4 Scan Lines ; 00000 = 4 Scan Lines 
001=8 Scan Lines 00001 =6 Scan Lines 
e e 
e : "fe 
110= 28 Scan Lines 11110= 64 Scan Lines 
111=32 Scan Lines 11111=66 Scan Lines 
IR4 


0000000 = 1 Row 
0000001 = 2 Rows 


1111110= 127 Rows 
1111111= 128 Rows 


*{n, interlace mode with odd total character rows per screen the last character row will be the programmed scan lines per 
character row minus. one. 





IR5 Active Characters Per Row 


00000010 = 2 Characters 
00000011 =4 Characters 


e 
11111110= 255 Characters 
11111111 = 256 Characters 
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~ FIGURE 12 — ‘INITIALIZATION REGISTER FORMATS (Page 3 of 3) 


Tus 6 5 4 3 2 ae 0 


: First Line of Cursor : Last Line of Cursor 


0000=Scan LineO : 0000 = Scan Line 0° 
0001 = Scan Line 1 ; 0001 = Scan Line 1 


e o 

ad 4 ° 
1110= Scan Line 14 1110= Scan Line 14 
1111= Scan Line 15 1111= Scan Line 15 





Light Pen Line - Underline Position. 


00= Scan Line 3 : : 0000 = Scan Line 0 
01= Scan Line 5 0001 = Scan Line 1 
10t Scan Line 7 ° 

11t Scan Line 9 an ° 

1110= Scan Line 14 
1111= Scan Line 15 









Display Buffer First Address LSBs 
H’’000"' =0 
H''001" = 1 
° NOTE: MSBs are in 1R9[3:0] . 
e 
H’' FFE’ = 4,094 
H' FFF’ = 4,095 











0000 = 1,023 
0001 = 2,047 










e 
1110 = 15,359 
1111 = 16,383 






Split-Screen Interrupt Row 


0000000 = Row 0 
0000001 = Row 1 
J 
es 
1111110= Row 126 
1111111 = Row 127 
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SCAN LINES PER CHARACTER ROW (IRO[6:3]) — Both 
interlaced and non-interlaced scanning are supported by the 
PVTC. For interlaced mode, two different formats can be im- 
plemented, depending on the interconnection. between the 
PVTC and the:character generator (see IR1[7]). This field 
defines the number. of scan lines used to compose a char- 
acter row for each technique. As scanning occurs, the scan 
line count is output on the LAO-LA3 and LI pins. 


VS/CS ENABLE (IRO[2]) — This bit selects either vertical 
sync pulses or composite sync pulses on the VSYNC/ 
CSYNC output (pin 18). The composite sync waveform con- 
forms to.EIA RS170 standards, with the vertical interval com- 
posed of six equalizing. pulses, six vertical sync pulses, and 
six more equalizing pulses. 


BUFFER MODE SELECT (!RO0[1:0]) — Four buffer memory 
modes may be selectively enabled to accommodate the 
desired system configuration. See SYSTEM CONFIGURA- 
TION. 


INTERLACE ENABLE (IR1I7]) — Specifies interlaced or 


. non-interlaced timing operation. Two modes of interlaced 
operation are available, depending on whether LO-L3 or LI, 
LO-L2 are used as the line address for the character 
generator. The resulting displays are shown in Figure 13. 

For “interlaced sync’ operation, the same information is 
displayed in both odd and even fields, resulting in enhanced 
readability. The PVTC outputs successive line numbers in 
ascending order on the LAO-LA3 lines, one per scan line for 
each field. 

The “interlaced sync and video’’ format doubles. the 
character density on the screen. The PVTC outputs suc- 
cessive line numbers in ascending order on the L!, LAO-LA2 
lines, one per scan line for each field, but alternates begin- 
ning the count with even and odd line numbers. This 
displays the odd field with even scan lines in even character 
rows and odd scan lines in odd character rows, and the even 
field with odd scan lines in even character rows and even 
scan lines on odd character rows. This provides balanced 
beam currents in the odd and even. fieids, thus minimizing 
character variations due to different loading of the CRT 
anode supply between fields. 


FIGURE 13 — INTERLACED DISPLAY MODES 
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Interlaced Sync 
{RO=01111; Total Lines/ Row= 17 


Interlaced Sync and Video 
IRO=0011; Total Lines/Row=9 


Non-Interlaced 
IRO= 1000; Total Lines/Row=9 
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EQUALIZING CONSTANT (IR1[6:0]) — This field indirect- 
ly defines the horizontal front porch and is used internally to 
generate the equalizing pulses for the RS170 compatible 
CSYNC. The value for this field is the total number of char- 
acter clocks (CCLK) during a horizontal line period divided by 
two, minus two times the number of character clocks in the 
horizontal sync pulse: 





ccotiacttHeotisinct Hap 2(HSYNC) 

\ 

The definition of the individual parameters is illustrated in 
Figure 14. The minimum value of Hfp is two character 
clocks. 


Note that when using the attributes controller the blank pulse 
is delayed three CCLKs relative to the HSYNC pulse. 





HORIZONTAL SYNC PULSE WIDTH (IR2[6:3]) — This 
field specifies the width of the HSYNC pulse in CCLK 
periods. 





HORIZONTAL BACK PORCH (IR2{2:0]) — This field 
defines the number of CCLKs between the trailing.edge of 
HSYNC and the trailing edge of BLANK. 


VERTICAL. FRONT PORCH (IR3[7:5]) — Programs the 
number of scan line periods between the rising edges of 
BLANK and VSYNC during a vertical retrace interval. The 
width of the VSYNC pulse is fixed at three scan lines. 


“VERTICAL BACK PORCH (IR3[4:0]) — This field deter- 
mines.the number of scan line periods between the falling 
edges of. the VSYNC and BLANK outputs. 


CHARACTER BLINK RATE (IR4[7]) — Specifies the fre- 
quency for the character blink attribute timing. The blink rate 
can be specified as 1/16 or 1/32 of the vertical field rate. The 
timing signal has a duty cycle of 75% and is multiplexed onto 
the DADD11/BLINK output at the falling edge of each 
BLANK. 


CHARACTER ROWS PER SCREEN (IR4[6:0]):—. This field 
defines the number of character rows. to be displayed. This 
vaiue multiplied by the scan lines per character row, plus the 
vertical front and back porch values, and the vertical sync 
pulse width (three scan lines) is the vertical scan perce in 
scan lines. 


- ACTIVE CHARACTERS PER ROW (IR5[7:0]) — This field 
determines the number of characters to be displayed on each 
row of the CRT screen. The sum of this value, the horizontal 
front porch, the horizontal sync width, and the horizontal 
back porch is the horizontal scan period is CCLKs. 





FIRST AND LAST SCAN LINE OF CURSOR (IR6I[7:4] 
AND IR6[3:0]) — These two fields specify the height and 
position of the cursor on the character block. The ‘‘first”’ line 
is the topmost line when scanning from the top to the bot-. 
tom of the screen. 


FIGURE 14 — HORIZONTAL AND VERTICAL TIMING 
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LIGHT PEN LINE POSITION. (IR7[7:6]) — This ‘field 
defines which of four scan lines of the character row will be 
used for the light pen: strike — through attribute by the 
MC2673 VAC. The timing signal is multiplexed onto the 
DADD9/LPL output during the falling edge of BLANK. 


‘CURSOR BLINK ENABLE (IR7[5]) — This bit controls: 
whether or not the cursor output pin will be blinked at the 
selected rate (IR10[7]}. The blink‘duty cycle-for the cursor is 
50%. - 


DOUBLE HEIGHT CHARACTER ROW ENABLE (IR7{4]) 
— If enabled, the number of each scan line will be repeated 
twice in succession, causing the height of the character row 
to double. This bit can be changed at’any time but will only 


become effective at the beginning of the character row fol-: 


lowing the time it is changed. This allows selected character 
rows to be of double height. The split-screen interrupt can 
be used to notify the CPU' when the effectuate changes to 
this. bit. For each double height row which replaces a normal 
row, one row count should be subtracted from the ‘‘char- 
acter rows per screen” field (IR4) to maintain the same total 
number of scan lines ‘per field) ~ 9 - 


’ UNDERLINE POSITION (IR7[3:0]) — This field defines which 
scan line of the character row will be used for the underline 
attributes by the attributes controller. The timing signal is mul- 
tiplexed onto the DADD10/UL output during the falling edge 
of BLANK. 


DISPLAY BUFFER FIRST ADDRESS (IR9[3:0) AND 
1R8[7:0]}) AND DISPLAY BUFFER LAST ADDRESS 
(IR9[7:4]) — These two fields define the area within the buf- 
fer memory where the display data will reside. When the data 
at the ‘display buffer last address” is displayed, the PVTC 
will wrap-around and obtain the data to be displayed at the 
next screen position from the ‘display buffer first address’ 


If ‘last address” is the end of a character: row and a new 
screen start address has been loaded into the screen start 
register, or if “last address’ is the last character position of 
the screen, the next data is obtained from the address con- 


tained in the screen start register. - 


. Note that. there is no restriction in displaying data: from 
other areas of the addressable memory. Normally, the area 
between these two bounds is used for data which can be 
overwritten (e.g., aS a result of scrolling), while data that is 
not to be overwritten would be contained outside these 
bounds and.accessed by means of the split-screen interrupt 
feature of the PVTC. 


CURSOR BLINK RATE (IR10[7]) — The cursor blink rate 
can be specified at 1/16 or 1/32 of the vertical scan fre- 
quency. Blink is effective only if blink is enabled by IR7[51. 


SPLIT-SCREEN INTERRUPT: (IR10[6:0]) — The: split- 
screen interrupt can be used to provide special screen effects 
such as a row of double height characters or to change the 
normal addressing sequence of the display memory. The 
contents of this field is compared, in real time, to the current 
character row number. Upon a match, the PVTC sets the 
split-screen status bit, and issues an interrupt request if so 
programmed. The status change/interrupt request is made 
at the beginning of scan line zero of the split-screen ‘char- 
acter row. : : oe 


TIMING CONSIDERATIONS 

Normally, the contents of the initialization registers are not 
changed during operation. However, this may be necessary 
to implement special display features such as multiple cur- 
sors, smooth ‘scrolling, horizontal scrolling, and double 
height character rows. Table 2 describes the timing details 
for these registers which should be considered when imple- 
menting these features. 


TABLE 2 — TIMING CONSIDERATIONS 





Field Line of Cursor 
Last Line of Cursor 
Light Pen Line 

Underline 7 : 













Cursor Blink 
Cursor Blink Rate ; 
Character Blink Rate 







Screen-Start Register 


2 Timing Considerations 
These parameters must be established at a minimum of two characters times 
prior to their occurrence. ; 


Double Height Characters. — - Set/reset during the character row prior to the row which is to be/not to be 
: ae ‘ double height 


New values become effective within one field after values are changed. 


Change prior to the horizontal blanking interval of the last line of character 
row before row where new value is ‘to be used. 
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DISPLAY CONTROL REGISTERS 


There are nine registers in this group, each with an in- 
dividual address. Their formats are illustrated in Figure 15. 
The command register is used to invoke one of 16 possible 
PVTC commands as described in COMMANDS. The remain- 


_ ing registers in the group store address values which specify 


the cursor and buffer pointer locations, the location of the 
first character to be displayed on the screen, and the location 
of a light pen “‘hit’’. With the exception of the light pen 
register, the user initializes these registers after powering on 
the system and changes their values to contro! the data 
which is displayed. 


FIGURE 15 — DISPLAY CONTROL REGISTER FORMATS 


(a) Command Register (Write Only) 


Command. Code 


Refer to COMMANDS for Command Codes 





(b) Screen Start Registers (Read and Write), 

Cursor Address Registers (Read and Write), 

Pointer Address Register (Write Only), and 
Light Pen Address Register (Read Only) 


Lower Register (LSBs). 
H''0000" = 0 
H‘'0001’' = 1 


NOTE: MSBs are in Upper Register [5:0] 


H’'3FFE" = 16,382 
H'3FFF’ = 16,383 





SCREEN-START REGISTERS 


The screen-start registers contain the-address of the first 
character of the first row (upper left corner of the active 
display). At the beginning of the first scan line of the first 
row, this address. is transferred to the row-start ‘register 
(RSR) and into the memory-address counter (MAC).:.The 
counter is then advanced sequentially at the character rate 
the number of times programmed into the active characters- 
per-row register (IR5) thus reaching the address of the last 
character of the row plus‘one. At the beginning of each sub- 
sequent scan line of the first row, the MAC is reloaded from 
the RSR and the above sequence is repeated. At the end of 
the last scan line of the first row, the contents of the MAC is 


loaded into the RSR to serve as the starting memory address: 


for the second character row. This process is repeated for 


' the programmed number of rows per screen. Thus, the data 


in the display memory is displayed sequentially starting from 
the address contained: in the screen start register. After the 
ensuing vertical retrace inmeryal the entire process copes 
again. 

The sequential operation descuibad shove will be modified 
upon the occurrence of either of two events. First, if during 
the incrementing of the memory address counter .the 
“display buffer last address” (1R9[7:4]) is reached, the MAC 
will be loaded from the ‘display buffer first address’’ register 
(IR9[3:0)), (R8[7:0]) at the next character clock. Sequential 
operation will then resume starting form this address. This 
wraparound operation allows portions of the display buffer 
to be used for purposes other than storage of displayable ° 
data and is completely automatic without ony CPU interven- 
tion (see Figure 16a). 
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FIGURE 16.— DISPLAY ADDRESSING OPERATION - 
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(a) Display Memory Wraparound 
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(b) Display Memory Split Screen With Wraparound 


The sequential row-to-row. addressing can also be 
modified under CPU control. If the contents of the screen- 
Start register (upper, lower, or both) are changed during any 
character row (say row ‘‘n’’), the starting address of the next 
character row (row ‘n+ 1’) will be the next value of the 
screen-start register and addressing will continue. sequential- 
ly from there. This allows features. such. as split-screen 
Operation, partial scroll, or status line display to be im- 
plemented. The split-screen interrupt feature of the PVTC is 
useful in controlling this type of operation. Note that in order 
to obtain the correct screen display, the screen-start register 
must be reloaded with the original value prior to the end of 
the vertical retrace. See Figure 16b. : 

During vertical blanking the address counter operation is 
modified by stopping the automatic load of the contents of 
the RSR into the counter, thereby allowing the address out- 
puts to free-run. This allows:dynamic memory refresh to.oc- 
’ cur during the vertical retrace interval. The refresh address- 
ing starts at.the last address displayed on the screen and in- 
crements. by one for each character clock during the retrace 
interval. If the display buffer last address is encountered 
refreshing continues from the display buffer first address. 


CURSOR ADDRESS REGISTERS 


The contents of these registers define the buffer memory 
address of the cursor. !f enabled, the cursor output will be 
asserted when the memory address counter matches the 
value of the cursor address registers. The cursor address 
registers may be read or written by the CPU or incremented 
via the “increment cursor address’’ command. In indepen- 
dent buffer mode; these registers define a buffer. memory ad- 
dress for PVTC controlled access in response to ‘‘read/write 
at cursor with/without increment’’ commands, or the first 
address to be used in executing the ‘‘write for cursor to 
pointer’ command. ; 


DISPLAY POINTER ADDRESS REGISTERS 

These registers define a buffer memory address for PVTC 
controlled accesses in response to “read/write at pointer’ 
commands.. They:also define the last-buffer memory address 
to be written for the ‘’write from cursor to: pointer’ com- 
mand. ‘ a 


LIGHT PEN ADDRESS REGISTERS - 
If the light pen input is enabled, these registers are used to 
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store the current character address upon receipt of a light - 


pen strobe input: Several sources of delay between the 
display of a character upon the screen and the receipt of a 
light pen hit can be expected to exist in a system environ- 
ment. These delays include address pipelining in the char- 
acter generation circuits, delays in the video generation cir- 
cuits, and delays in the light detection circuitry itself. These 
delays cause the value stored in the light pen register to dif- 
fer from the actual address of the character at which the light 
pen hit actually was detected. Software must be used to cor- 
rect this condition. 


INTERRUPT/STATUS REGISTERS 

The interrupt and status registers provide information to 

the CPU to allow it to interface with the PVTC to effect 
desired changes to implement various display operations. 
The interrupt register provides information on five possible 
interrupting conditions, as shown in Figure 17. These condi- 
tions may be selectively enabled or disabled (masked) from 
causing interrupts by certain PVTC commands. An interrupt 
. condition which is enabled. (mask bit equal to one). will cause 
the INTR output to be asserted and will cause the corres- 
ponding bit in the interrupt register to be set upon occur- 
rence of interrupt condition. An interrupt condition which is 
disabled (mask bit equal to zero) has no effect on either the 
INTR output or the interrupt register. 
' The status register provides six bits of status information; 
the five possible interrupting conditions plus the NOT BUSY 
bit. For this register, however, the contents are not effected 
by the state of the mask bits. 

Descriptions of each interrupt/status register bit follows. 
Unless otherwise indicated, a bit, once set, will remain set 
until reset by the CPU by issuing a “reset interrupt/status 
bits’’ command. The bits are also reset by a ‘‘master reset’ 
command and upon power-up. 

RDFLG (SRI5]):— This bit is present in the status register 
only. A zero indicates that the PVTC is currently executing 
the previously issued command. A one indicates that the 
PVTC is ready to accept a new command. 


VBLANK (1i/SRI4]) — Indicates the beginning of a vertical 


__ blanking interval, is set to a one at the beginning of the first 


scan line of the vertical front porch. 


LINE ZERO (1/SRI3]) — Is set to a one at the beginning of 
the first scan line (line zero) of each active character row. 


SPLIT-SCREEN (!/SR[2]).— This bit is set when a match 
occurs between the current character row number and the 
value contained in the split-screen interrupt register, 
IR10[6:0]. The equality condition is: only checked at the 
beginning of line zero of each character row. This bit is reset 
when either of the screen-start registers is loaded by the 
CPU. 


READY (i/SRI1]) — Certain PVTC commands affect the 
display and may require the PVTC to wait for a blanking 
interval before enacting the command. This bit is set to one 
when execution of the command has been completed. No 
command should be invoked until the prior command is 
completed. 


LIGHT PEN (I/SR[O]) — A one indicates that a light pen 
hit has occurréd and that the contents of the light. pen 
register have been updated. This bit will be reset when either 
of the light pen registers is read. 


COMMANDS 


The PVTC commands are divided into two classes: the in- 
stantaneous commands, which are executed immediately 


- after they are invoked, and the delayed commands which 


may-need to wait for a blanking interval prior to their execu- 
tion. Command formats are shown in. Table 3. The com- 
mands are asserted by performing a write operation to the 
command register with the appropriate bit pattern as the 
data byte. 


FIGURE 17 — INTERRUPT AND STATUS REGISTER FORMAT 











7 6 5 4 3 2 1 0 
Line Split Light 
Not Used RDFLG VBLANK Zero Screen Ready - Pen 
Always Read O= Busy O=No O=No 0=No O= Busy O=No 
as Zero 1=Ready 1=Yes 1=Yes 1=Yes 1 = Ready 1=Yes 
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TABLE 3 — PVTC COMMAND FORMATS 


Por [os [os [os [os Poo [or [oo [re] Soman —CSC~“C~*S 
Instantaneous Commands 
Enable Interrupt — Enables Interrupts and Resets the Corresponding 
Interrupt/ Status Bits where N= 1 


Master Reset 
























Disable Light Pen 

Enable Light Pen ~ 

Display Off — Float DADD Bus lf N=1 

Display On — Next Field (N= 1) or Scan Line (N=0) 
Cursor Off 

Cursor On 

Reset Interrupt/Status — Bit Reset where N=1 
Disable Interrupt — Disable where N= 1 


o-oo 00 000000 


0. 
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Load IR Pointer with Value V (V=0 to 10) 
Delayed Commands 









1 0 1 0 0 1 0 0 Reset at Pointer Address 

1 0 1 0 0 0 1 oO Write at Pointer Address 

1 0 1 0 1 0 0 1 Increment Cursor Address 

1 om 1 0 fl 1 0 0 Read at Cursor Address 

1 0 1 0 1 0 1 0 Write at Cursor Address 

1 0 1 0 1 1 0 1 Read at Cursor Address and Increment Address 
1 0 1 0 1 0 1 1 Write at Cursor Address and Increment Address 
1 0 1 1 1 0 1 1 Write from Cursor Address to Pointer Address 





* Any combination of these three commands is valid. 


d= Don't Care 
INSTANTANEOUS COMMANDS ENABLE LIGHT PEN 

The instantaneous commands are executed immediately After invoking this command, receipt of a light pen strobe 
after the trailing edge of the write pulse during which the input will cause the light pen register to be loaded with the 
command is issued. These commands do not affect the state current buffer memory address and the corresponding inter- 
of the RDFLG or READY interrupt/status.bits. However, a rupt and status flag to be set. Orice loaded, further loads are 
command should not be invoked if the RDFLG bit is low. inhibited until either one of the light pen registers are read or 


a reset function is performed. 
MASTER RESET 


This command initializes the PVTC and may be invoked at * DISABLE LIGHT PEN 
any time to return the PVTC to its initial state. Upon power- Light pen hits will not be recognized. 
up, two successive master reset commands must be applied 
to release the PVTC’s internal power on circuits. In trans- DISPLAY OFF 
parent and shared buffer modes, the CNTRL1 input must be Asserts the BLANK output. The DADDO through DADD13 
high when the command is issued. The command causes the display address bus outputs. may be optionally placed in the 
following: high-impedance state by setting bit 2 to a one when invoking 
1. VSYNC and HSYNC are driven low for the duration of the command. 
reset and BLANK goes high. BLANK remains high until 
a “display on’’ command is received. DISPLAY ON 
2. The interrupt and status bits and masks are set to zero, Restores normal blanking operation either at the beginning 
except for the RDFLG flag which is set to a one. of the next field (bit 2=1) or at the beginning of the next 
3. The transparent mode, cursor off, display off, and light scan line (bit 2=0). Also returns the DADDO-DADD13 
pen disable states are set. drivers to their active state. 
4. The initialization register pointer is set to address IRO. CURSOR OFF 
LOAD IR ADDRESS Disables cursor operation. Cursor output is placed in the 
low state. 


This command is used to preset the initialization register 


pointer with the value ''V” defined by D3-D0. Allowable 
values are O to 10. CURSOR ON 


Enables normal cursor operation. 
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RESET INTERRUPT/STATUS BITS 

This command resets the designated bits in the interrupt 
and status registers. The bit positions correspond to the bit 
positions in the registers: 


Bit O — Light Pen 
Bit 1 — Ready 

Bit 2 — Split Screen 
Bit 3 — Line Zero 

Bit 4 — Vertical Blank 


DISABLE INTERRUPTS 
Sets the interrupt mask to zeros for the designated condi- 


tions, thus disabling these conditions from asserting the. 


INTR output. Bit position correspondence is as above.. 


ENABLE INTERRUPTS 


Resets the selected interrupt and status register bits and 
writes the associated interrupt mask bits to a one. This 
enables the corresponding conditions to assert the INTR out- 
put. Bit position correspondence is as above. 


DELAYED COMMANDS. “ho 

This group of commands is utilized for the independent 
buffer mode of operation, although the ‘‘increment cursor’ 
command can also be used in other modes. With the excep- 
tion of the ‘’write from cursor to pointer’ and ‘increment 
cursor’ commands, all the commands of this type will be 
executed immediately or will be delayed depending on when 
‘the command is invoked. If invoked during the active screen 
time, the command is executed at the next horizontal blank- 
ing blanking interval. If invoked during a vertical retrace in- 
terval or a ‘‘display-off’’ state, the command is executed im- 
mediately. 


MECHANICAL DATA 


ORDERING INFORMATION (Ta =0°C to 70°C) 





Package Type 


Plastic 
P Suffix 


PIN ASSIGNMENTS 
















Frequency Order Number 


MC2672B3P 
MC2672B4P 





32 LIDADD2 


31 DADD3/LI 


30U DADD4/LA0 
29LIDADD5/LA1 
28 LJDADD6/LA2 
IIDADD7/LA3 
26 LI DADD8/LNZ 
25 IDADD9/LPL 


21 DADD13/LL 
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Advance Information 
Advanced Video Display Controller (AVDC) 


The MC2674 advanced video display controller (AVDC) is a programmable device designed for . 
use in CRT terminals and display systems that employ raster-scan techniques. The AVDC generates 
the vertical and horizontal timing signals necessary for the display of interlaced or non-interlaced 
data on a CRT monitor. It provides consecutive addressing to a user specified display buffer mem- 
ory domain and controls the CPU-display buffer interface for various buffer configuration modes. A 
variety of operating modes, display formats, and timing profiles can be implemented by program- 
ming the control registers in the AVDC. 


A minimum CRT terminal system configuration consists of an AVDC, ‘a keyboard Abnttolier: an 
asynchronous communications interface adapter, character ROM, and an attributes controller. Other 
necessary parts of the system are a single-chip microcomputer such as the MC6809, display buffer 
RAM, and a small amount of TTL for miscellaneous address decoding, interface, and control. Sys- 
tem complexity can be enhanced by upgrading the microprocessor and expanding via the system 
address and data buses. 


4 MHz Character Rate 

1 to 256 Characters Per Row 

1 to 16 Raster Lines Per Character Row 

Bit Mapped Graphics Mode 

Programmable Horizontal and Vertical Sync Generators 
Interlaced or Non-Interlaced Operation 

Up to 64K RAM Address for Multiple-Page Operation 
Readable, Writeable, and Incrementable Cursor 
Programmable Cursor Size and Blink 

AC Line Lock 

Automatic Wraparound of RAM 

Automatic Split Screen 

Automatic Bidirectional Soft Scrolling 
Programmable Scan Line Increment 

Row Table Addressing Mode 

Double Height Tops and Bottoms | 

Double Width Control Output 

Selectable Buffer Interface Modes 

Dynamic RAM Refresh 

Completely TTL Compatible 

Single +5-Volt Power Supply 

Power-On Reset Circuit 


Applications Include: CRT Terminals, Word Processing Svaieined Small Business Computers, 
and Home Computers ‘ 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 






















CE - Interface 
a Initializati inti tee 
‘ nitialization 
: ’ . Memory : 
= Pointer. . Handshake CTRL2 
a and Logic CTRL3 
Display ; 
Registers 
Command 
Decode Display 
Logic 
ee Scroll and ; 
Address Double Height DADDO-DADD13 
Decoder Interrupt Logic 
Logic 
3 
Status havea 
Register Address 14 
Timing 
INTR Multiplexers 
Cursor and 
DO-D? ea a 
ete egisters 
Bus Cursor 





Drivers 
Cursor 


and 
Compare 
Logic 





ACLL 


Clock ‘ a Timing Chain HSYNC 


Buffer dae VSYNC/CSYNC 
Decode Logic : 
BLANK 
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ABSOLUTE MAXIMUM RATINGS ; ; This device contains circuitry to pro- 
Rating | Symbol[ Value ——|_-—sUnit_—| tect the inputs against damage due to 

of any voltage higher than maximum- 

strained to the range GND<(Vjj or 


Supply Voltage “0.3 t0 37.0 Vv high static voltages or electric fields; 
3 : V 
Operating Temperature Range 0 to 70 
°C rated voltages to this high-impedance 
Vout)<Vcc. Reliability of operation is 














_ however, it is advised that normal pre- 
Input Voltage — -0.3 to +7.0 : 
Storage Temperature Range .- Tsta — 55 to + 150 1. °C] 
circuit. For proper operation it is rec- 


cautions be taken to avoid application 
ommended that Vjn and Voyt be con- 











THERMAL CHARACTERISTICS . . enhanced if unused inputs are tied to 
pene ; an appropriate logic voltage level (e.g., 
| Characteristic either GND or Vc). 
Thermal Resistance 
Plastic Package’ - 
POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Tat(Pp° ya) (1) 
where: 
Ta = Ambient Temperature, °C 
8JA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
Pb = Pint+ Pport 
Pint  =!cc%Vec, Watts — Chip Internal Power 


Pport = Port Power Dissipation, Watts — User Determined 


For most applications PpgRT<Pint and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 2 
An approximate relationship between Pp and Ty (if Pport is neglected) is:- 
Pp=K= (Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K=Pp * (Ta + 273°C) + 8yArPD2 (3) 
where K is a constant pertaining to the particular part, K can be determined from equation (3) by measuring Pp (at 
equilibrium) for a known Ty. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ta 


DC ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vec=5.0 V+5%) 


Vin =3. v 
Vor |=} 94 |v] 
= 7A] 




















input Leakage Current Vin=Oto Veg. in 10 | 
[Hiz (Off State) Leskage Current Vcc=625V. VnwO4tO24V)—SSSCSS Sgt 0 
[INR Open- Drain Output Leakage Curent (VO=0toVeg SSS; Ct 
internal Power Dissipation (WeasuredatTa=0°0) —SSSSCS~S~S~S~w SP | 
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AC ELECTRICAL CHARACTERISTICS — BUS TIMING (Ta =0°C to 70°C, Voc =5. V+5%) 


High Time from CE to CE 
Consecutive Commands 
Other Accesses 





BUS TIMING DIAGRAM 





A0-A2 
tas tAH 
CE 
tcs 'CH 
tRW. 
R 
tDF 


poe Float Not Valid ~ Valid Float 
(Read) 


W 
tp 
: 'DH 
D0-D7 : 
CE, R, W! 
tcc 


NOTES: 
1. Any two must be high for tcc. ; a8 
2, All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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AC ELECTRICAL CHARACTERISTICS — CHARACTER CLOCK (CCLK) TIMING (Ta =0°C to 70°C, Vcc=5 V+5%) 


Parameter 


tece 
CCLK High Time mo eee 
ae 


TCLK Low Time eee 


Output Delay Time from CCLK Edge ; ; 
DADDO-13, MBC : ie a 40 
- BLANK, HSYNC, VSYNC/CSYNC, CURSOR, BEXT, BREQ, , 40 


BACK, BCE, WDB, RDB* 


*BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these output delays will tend to follow direction (minimum/max- 
imum) of DADDO-DADD13 delays. : = 





CCLK TIMING DIAGRAM 


CCLK 


Outputs 
(Note 1) 


Outputs WDB, 
RDB, BCE 





NOTES: 
1. DADDO-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK. 
2. BCE changes state on both CCLK edges. a4 
3. Ail voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


AC ELECTRICAL CHARACTERISTICS — OTHER TIMING (Ta =0°C to 70°C, Vcc =5 V +5%) 











. Parameter 




















/READUROEIG low from W High* tccP +30 
BACK High from PBREQ Low ‘3 200 








BEXT High from PBREQ High 
INTR Low from CCLK Low 
INTR High from W, R High* 
ACLL from HSYNC 






































*Timing is illustrated and specified referenced to W and R inputs. Device may also be operated withCE as the “strobing” input. In 
this case, all timing specifications apply referenced to falling and rising edges of CE. 
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OTHER TIMING DIAGRAMS (Sheet 2 of. 2) 









CCLK 
BLANK Vertical 
‘Blanking 
Interval, 
HSYNC 1st HSYNC 






of VBLANK 







VBLANK Status Bit 









Horizontal 
Blanking 
Interval 


BLANK 











Address of 
1st Character 


‘ccD1 of Row 


iN Multiplexed 
Signals Valid 


‘tCCD1 





DADDO-DADD13 






Line Zero and Split 
Screen Status Bits 


NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V.to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


MOTOROLA MICROPROCESSOR DATA 
3-33 . 


MC2674 


OTHER TIMING DIAGRAMS (Sheet 2 of 2) 


BLANK 


Vep=n Scan Lines 


Normal VSYNC (ACLL = 1) 


—| TAC 


ACLL 


Delayed VSYNC 


VeEp=n+3 Scan Lines —_—$>] 


tRDL 


W for a Delayed Command 





READY or RDELG Status Bits 








NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0:8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. = 
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AC ELECTRICAL CHARACTERISTICS — ROW TABLE INPUT TIMING (Ta =0°C to 70°C, Vcc =5 V+5%) 


Data Setup Time to CCLK lames tpSRT 
Data Hold Time from CCLK Low tDHRT 


ROW TABLE FETCH 1/0 TIMING DIAGRAM 
Latch DO-D7 Into Latch DO-D7 Into 











SSR1 Lower SSR1 Upper 
CCLK 
BLANK 
_tecp1 
. MBC 
tecp2 —> 
CURSOR 
_ tect . 
DADD ea SSR2 Address SSR2 Address + 1 mee. 


tDSRT 





DO-D7 - Row Start. Row-Start ‘ 
; Address Lower Address Upper: 
NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and - 


outputs. Input levels are 0.4 V to 2.4 V. © 


Even Field are COMPOSITE pete TIMING DIAGRAM 
Last Displayed - 


Scan of : First Displayed Scan 
Previous vs Vertical Front Porch Vertical SYNC Pulsé Vertical Back Porch of Even Field. 


Horizontal 






CSYNC SYNC 
Pulses 
BLANK | | | | : | :. ee | 
‘ ey ae ee Blanking ee eae 
Odd Field 7 ~ | 


"| First Displayed ~~" 
East gaa Vertical Front Porch — %H Vertical SYNC Pulse | Back Porch— %H eae ; 
Even Field —>| kk wr vy, Field 


CSYNC | ae : : | 
| Y% Horizontal syvc —>| he bet Period _ 
BLANK [o 
beg $$$ vertica Blanking a ae wena / 
NOTES: 


_ Horizontal Brag Interval 






1. In non-interlaced operation the even field is repeated continuously. 
2. In interlaced operation the even field alternates with the odd field. 
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SIGNAL DESCRIPTION 


The input and Gute signals for the AVDC are described 
in n the following paragraphs. 


ADDRESS LINES (A0-A2) 


These input lines are used to select AVDC internal register 
for read/write operations and for commands. 


DATA BUS (D0-D7) 

The 8-bit bidirectional three-state data: bus controls all 
data, command, and status transfers between the CPU and 
the AVDC. Bit 0 is the’least significant bit and bit 7 is the 
most significant bit. The direction of the transfer -is- con- 


CURSOR GATE (CURSOR) oe 

This output becomes active for a specified number of scan 
lines when the address. continued in the cursor register 
matches the address output on DADDO through DADD13 for 


' displayable character addresses. The first and last lines.of the 


cursor and a blink option are programmable. When the row - 


_ table addressing mode is enabled, this output is active for a 


trolled by the read (R) and write (W) inputs when chip enable | 


(CE) input is low. When the CE input is high, the data bus is 
in the three-state condition. 


READ STROBE (R) 

This pin is an active low input. A low on this pin while CE 
is low causes the contents of the register selected by the ad- 
dress lines to be placed.on the data bus. The read. cycle 
begins on the leading (falling) edge of R. 


WRITE STROBE (W) 

This is an active low input. A low on this pin while CE is 
also low causes the contents of the data bus to be transfer- 
red to the register selected by the address lines. The transfer 
occurs on the trailing (rising) edge of W..- 


CHIP ENABLE (CE) 

This is an active low input. When low, data transfers bet- 
ween the CPU and the AVDC are enabled on the data bus as 
controlled by the write strobe, read strobe, and address 
lines. When CE is high, effectively, the AVDC is ‘isolated 
from the data bus and DO-D7 are placed in the three-state 
condition. 


CHARACTER CLOCK (CCLK) 


This input is the timing signal derived from the video dot 
clock which is used to synchronize the AVDC' s timing func- 
tions. 


HORIZONTAL SYNC (HSYNC) 


This active high output provides video horizontal’ sync © 


pulses. The timing parameters are programmable. 


VERTICAL SYNC/COMPOSITE SYNC {VSYNC/CSYNC) 


A control bit selects either vertical or composite sync. 


pulses on this active high output. When CSYNC is selected, 
equalization pulses are included. The timing Balametets are 
programmable. 


BLANK (BLANK) 


“portion of the blanking interval prior to the first scan line of a 


character row, while the AVDC is fetching the starting ad- 
dress for that row. 


INTERRUPT REQUEST (iNTR) 

This is.an.open-drain output which supplies an active low 
interrupt request from any of five maskable sources. This pin 
is inactive after a power-on reset or a master reset command. 


AC LINE LOCK (ACLL) 
If this input is low after the programmed vertical front 
porch interval, the vertical front porch will be lengthened by 


increments of horizontal scan line times until this input goes 
high. 


HANDSHAKE CONTROL 1 (CTRL1) 

In independent mode, provides an active low write data 
buffer (WDB) output which strobes data from the interface 
latch into the display memory. In transparent and shared 
modes, this is an active low processor bus request (PBREQ) 
input which indicates. that the CPU desires to access the 


display memory. 


HANDSHAKE CONTROL 2 (CTRL2) 
In-independent mode, provides an active low read data 


“buffer (RDB) output which strobes data from the display 


memory. into the interface latch. In transparent and shared 
modes, this is an active low bus external enable (BEXT) out- 
put which indicates that the AVDC has relinquished control 
of the display memory (DADDO-DADD13 are in the three- 





State condition) in response to a CPU bus request. BEXT 


also goes low in response to a ‘display off and float DADD’ 
command. In row buffer mode, it is an active low bus re- 
quest (BREQ) output which halts the CPU during a line 


DMA. 


HANDSHAKE CONTROL 3 (CTRL3) 

In independent mode, provides the active low buffer chip 
enable (BCE) signal to the display memory. In transparent 
and: shared modes, provides an active low bus acknowledge 
(BACK) output which serves as a ready signal to the CPU in 


“response to a processor bus request. In row buffer mode, 


this is an active high memory bus control (MBC) output 
which configures the system for the DMA transfer of one 
row of character codes from system EU: to the row 
display buffer.’ 


_ DISPLAY ADDRESS (DADDO-DADD13) — 


This active high output defines the horizontal and deaical . 


borders of the display. Display control signals.which are out- 
put on display addresses DADDO and DADD3 through 
DADD13 are valid on the trailing edge of BLANK. 


_Thése outputs are used by the AVDC to address up to 16K’ 


‘of display: memory directly; or to 64K of memory by demulti- 


plexing DADD14 and DADD15. These outputs are floated at 
various times depending on the buffer mode. Various control 
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signals are multiplexed on DADDO through DADD13 and are 
valid at the trailing edge of BLANK. The following para- 
graphs describes the control signals. 

LINE GRAPHICS (DADDO/LG) — This is the output 
which denotes bit-mapped graphics mode. 

DISPLAY ADDRESS 14 (DADD1/DADD14) — This is the 
multiplexed address bit used to extend addressing to 64K. 

DISPLAY ADDRESS 15 (DADD2/DADD15) — This is the 
multiplexed address bit used to extend addressing to 64K. 

LAST ROW (DADD3/LR) — This is the output which indi- 
cates the last active character row of each field. 

LINE ADDRESS (DADD4-DADD7/LA0-LA3) — These 
outputs provide the number of the current scan line count 
for each character row. 

FIRST LINE (DADD8/FL) — This output is asserted dur- 
ing the blanking interval just prior to the first scan line of 

~ each character row. 

DOUBLE WIDTH (DADD9/DW) — This output denotes a 
double width character row. 

UNDERLINE (DADD10/UL) — This output is asserted 
during the blanking interval just prior to the scan line which 
matches the programmed Uneeeline position (line 0 through 
15). 

BLINK FREQUENCY (DADD11/BLINK) — Blink fre- 
quency provides an output divided down from the vertical 
sync rate. 

ODD FIELD (DADD12/ODD) — This active high signal is 
asserted before each scan line of the odd field when interlace 
is specified. Replaces DADD4/LAO as the least significant 
line address for interlaced sync and video applications. 

LAST LINE (DADD13/LL) — This output is asserted dur- 
ing the blanking interval just prior to the last scan line of each 
character row. 


Vcc AND GND 

Power is supplied to the AVDC using these two pins. V¢c 
is the +5 volts +5% power input and GND is the ground 
connection. 


FUNCTIONAL DESCRIPTION 


As shown in the block diagram, the AVDC contains the 
following major blocks: data bus buffer, interface logic, 
Operation control, timing, display control, and buffer con- 


trol. The major blocks are described in the following 
paragraphs. 


DATA BUS BUFFER 


The data bus buffer provides the interface between the ex- 
ternal and internal data buses. It is controlled by the opera- 
tion control block to allow read and write operations to take 
place between the controlling CPU and the AVDC. - 


INTERFACE LOGIC 

The interface logic contains address decoding and read 
and write circuits to permit communications with the 
microprocessor via the data buffer. The functions performed 
by the CPU read and write operations are shown in Table 1. 


OPERATION: CONTROL 

The operation control section decodes sonhauraticn and 
operation commands from the CPU and generates ap- 
propriate signals to other interna! sections to control the 
overall device operation. It contains the timing: and display 
registers which configure the display format and operating 
mode, the interrupt logic, and the status register which pro- 
vides operational feedback to the CPU. , 


TIMING 

The timing section contains the counters and decoding 
logic necessary to generate the monitor timing outputs and 
to control the display format. These timing parameters are 
selected by programming of the initialization registers. 


DISPLAY CONTROL 

The display control section generates linear addressing of 
up to 16K bytes of display memory. Internal comparators 
limit the portion of the memory which is displayed to pro- 
grammed values. Additional functions performed in this sec- 
tion include cursor positioning and address comparisons re- 
quired for generation of timing signals, double-height tops 
and bottoms, smooth scrolling, and the split-screen inter- 
tupts. 


BUFFER CONTROL ; 

The buffer control section generates three signals which 
control the transfer of data between the CPU and the display 
buffer memory. Four system configurations requiring four 
different ‘handshaking’ schemes are supported. These are 
described in SYSTEM CONFIGURATIONS. 


TABLE 1 — AVDC ADDRESSING 










Interrupt Register 
Status Register 


eT | ra | a 










Screen Start 1 Lower Register 
Screen Start 1 Upper Register 
Cursor Address Lower Register 
Cursor Address Upper Register 
Screen Start 2 Lower Register 
Screen Start 2 Upper Register 










Initialization Reaeue* 
Command Register 
Screen Start 1 Lower Register 
Screen Start 1 Upper Register 
Cursor Address Lower Register 
Cursor Address Upper Register 
Screen Start 2 Lower Register 
Screen Start 2 Upper Register 


* There are 15 initialization registers which are accessed sequentially via a single address. 
The AVDC maintains an internal pointer to these registers which is incremented after 
each write at this address until the !ast register (1R14) is accessed. The pointer then con- 
tinues to point to IR14 for additional accesses. Upon a power-on or a master reset com- 
mand, the internal pointer is reset to point to the first register (IRO) of the initialization 
register group. The internal pointer can also be preset to any register of the group via the 


‘load IR address pointer’ command. 
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SYSTEM CONFIGURATIONS 


Figure 1 illustrates the block diagram of a typical display 
terminal that uses an MC2674, character ROM, a keyboard in- 
terface, and an attribute controller. In this system, the CPU 
examines‘inputs from the data communications line and the 
keyboard and places the data to be displayed in the display 
buffer memory. This bufferis typically a RAM which holds the 
data for a single or multiple screenload (page) or for a single 
character row. 


The AVDC supports four common syste configurations 
of display-buffer. memory, designated the independent, 
transparent, shared, and row-buffer modes. The first three 
modes utilize a single or multiple page RAM and differ 
primarily in the means used to transfer display data between 
the RAM and the CPU. The row-buffer mode makes use of a 
single row buffer (which can be a shift register or a small 
RAM) that is updated in real time to contain the appropriate 
display data. 

The user programs IRO bits 0 and 1 select the mode best 
suited for the system environment. The CTRL1, CTRL2, and 
CTRL3 outputs perform different functions for each mode and 
are named accordingly in the description of each mode. 


INDEPENDENT MODE | 


The CPU-to-RAM interface configuration for.this mode is 
illustrated in Figure 2. Transfer of data between the CPU and 
display memory is accomplished via a bidirectional latched 
port and is controlled by read data buffer (RDB), write data 
buffer (WDB), and buffer chip enable (BCE). This mode pro- 
vides a non-contention type of operation that does not re- 
quire address multiplexers. The CPU does not address the 
memory directly — the read or write operation is performed 
at the address contained in the cursor address register or the 
pointer address. register as specified by the CPU. The AVDC 
enacts the data transfers during blanking intervals in order to 
prevent visual disturbances of the displayed data. 





The CPU manages the data transfers by supplying com- 
mands to the AVDC. The commands used are: 


1, Read/write at pointer address, 

2. Read/write at cursor address (with optional increment 
of address), and 

3. Write from cursor address to pointer nadiess, 

The operational sequence for a write operation is: 

1. CPU checks RDFLG status bit to assure that any de- 
layed commands have been completed. 

2. CPU loads data to be written to display memory into.the 
interface latch. ; 

3. CPU writes address into cursor or pointer registers. 

4. CPU issues ‘write at Cursor with/without increment’ 
or ‘write at pointer’ command. 


5. AVDC generates control signals and outputs specified 
address to perform requested operation. Data is copied 
from the interface latch into the memory. 


6. AVDC sets RDFLG status to indicate that the write is 
‘completed. 

Similarly, a read operation proceeds as follows: 

1. Steps 1. and 3. as above. 


2. CPU issues ‘read at cursor with/ without increment’, 
“Tead at pointer’ command. 


3. AVDC generates control signals and outputs specified 

address to perform requested operation. Data is copied | 

"from memory to the interface latch and AVDC sets 
RDFLG status to indicate that the read is completed.’ 


4. CPU checks RDFLG status to see if onetation is com- 
” pleted. 
5. CPU reads data from interface latch. 


Loading the same data into a block of display memory is 
accomplished via the ‘‘write from cursor to pointer’’ com- 
mand: 


1. CPU checks RDFLG status bit to assure. that any de- 
layed commands have been completed. 

2. CPU loads data to be written to display memory into the 
interface latch. 

3. CPU writes beginning address of memory block into . 
cursor address register and ending address of block into 
pointer address register. 


4. CPU issues “write from cursor to pointer” command. _ 

5. AVDC generates control signals and: outputs block ad- 
dresses to copy data from the interface latch into the 
specified block of memory. 

6. AVDC sets RDFLG status to indicate that the block.. 
write is completed. 


Similar sequences can be implemented on an interrupt . 
driven basis using the READY interrupt output to advise the 
CPU that a previously asserted delayed command has been 
completed. 

Two timing sequences are possible for the “read/write at 
cursor/pointer’’ commands. If the command is given during 
the active display window (defined as first scan line of the ~ 
first character row to the last scan line of the last character 
row), the operation takes place during the next horizontal 
blanking interval, as illustrated in Figure 3. If the command is 
given during the vertical blanking interval, or while the 
display has been commanded blanked, the operation takes . 
place immediately. In the latter case, the execution time for 
the command is approximately five character clocks (see 
Figure 4). 

Timing for the “write from cursor to pointer’’ operation is 
shown in Figure 5. The memory is filled at a rate of one loca- 
tion per two character times. The command will execute only 
during blanking intervals and may require many horizontal or 
vertical blanking intervals to complete. Additional delayed 
commands. can be asserted immediately after this command 
has completed. 

Immediately commands can be asserted at any time 
regardless of the state of the ready state/interrupt. 
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FIGURE 1 — CRT TERMINAL BLOCK DIAGRAM 
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FIGURE 2 — INDEPENDENT BUFFER MODE CONFIGURATION 
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FIGURE 3 — READ/WRITE AT CURSOR/ POINTER COMMAND TIMING 
(Command Received During Active Display Window) 
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1. Write waveforms shown in dotted lines. 

2. If command execution occurs just prior to the first scan line of a character row and row table addressing mode is enabled, 
execution of the command is delayed by two character clocks from the timing illustrated. 

3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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FIGURE 4 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING 
(Command Received While Display Is Blanked) 
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NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and ° 


outputs. Input levels are 0.4 V to 2.4 V. 


SHARED AND TRANSPARENT BUFFER MODES 

In these modes, the display buffer RAM is a part of the 
CPU memory domain and is addressed directly by the CPU. 
Both modes use the same hardware configuration with the 
CPU accessing the display buffer via three-state drivers (see 
Figure 6). The processor bus request (PBREQ) control signal 
informs the AVDC that the.CPU is requesting access to the 

_ display buffer. In response to this request, the AVDC raises 
bus acknowledge (BACK) until its bus external (BEXT) out- 
put has freed the display address and data buses for CPU ac- 
cess. BACK, which can be used as'a “‘hold’’ input to the 
CPU, is then lowered to indicate that the CPU can access the 
buffer. 

In transparent mode, the AVDC delays the granting of the 
buffer to the CPU until a vertical or horizontal blanking inter- 
val, thereby causing minimum disturbance of the display. In 
shared mode, the AVDC will blank the display and grant im- 
mediate access to the CPU. Timing for these modes is il- 
lustrated in Figures 7, 8, and 9. 





ROW BUFFER MODE . 


Figures 10 and 11 show the timing and a typical hardware 
implementation .for the row buffer mode. During the first 
scan line (line 0) of each character row, the AVDC halts the 
CPU and DMA’s the next row of character data from the 
system memory to the row buffer memory. The AVDC then 
releases the CPU and displays the row buffer. data for the 
programmed number of scan lines. The control signal BREQ 
informs the CPU that character addresses and the MBC 
signal will start at the next falling edge of BLANK. The CPU 
must release the address and data buses before this time to 
prevent bus contention. After the row of character data is 
transferred to the CPU, BREQ returns high to grant memory 
control back to the CPU. 





ROW TABLE ADDRESS MODE 


In this mode, each character row. in the screen image 
memory has a unique starting address. This provides greater 
flexibility with respect to screen operations, such as editing, 
than the sequential addressing mode. The row table, Figure 
12, is a list of starting addresses for each character row and 
may reside anywhere in the AVDC’s addressable memory 
space. Each entry in the table consists of two bytes: the first 
byte contains the eight least significant bits of the row start- 
ing address and the second byte contains, in its six least 
significant bits, the six most significant bits of the row start- 
ing address: The function of the two most significant bits of 
the second byte is selected by programming IRO[7]. They 
may be used either as row attribute bits to control double 
width and double height for that character row, or as an ad- 
ditional two address bits to extend the usable’ display 
memory to 64K. 4 

The first address of the row table operation is designated 
in screen start register 2 (SSR2). If row table addressing. is 
enabled via 1R2[7], the AVDC fetches the next row’s starting 
address from the table during the blanking interval prior to 
the first scan-line of each character row, while simul- 
taneously incrementing the contents of SSR2 by two so as 
to point to the next table entry. The fetching of the row start- 
ing address from the row table is indicated by the assertion 
of the CURSOR output during BLANK. The address read 
from the table by the AVDC is loaded into screen start 
register 1 (SSR1) for use internally. Since the contents of 
SSR2 changes as the table entries are fetched, it must be re- 
initialized to point to the first table entry during each vertical 
retrace interval. 

Row table addressing is intended primarily for use in con- 
junction with the row buffer mode of operation and requires 
no additional circuitry in that case. It may also be used with 
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FIGURE 5 — WRITE FROM CURSOR TO POINTER COMMAND TIMING 
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FIGURE 6 — AVDC SHARED OR TRANSPARENT BUFFER MODES 
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FIGURE 7 —- TRANSPARENT BUFFER MODE TIMING 
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1. PBREQ must be asserted prior to the rising edge of BLANK in order for sequence to begin during that blanking period. 
"2. If PBREO is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked. 

3. Accesses during vertical blank or “display off’ are granted only at the beginning of the horizontal front porch. 

4, If row table addressing is enabled, CPU access is delayed by two character clocks prior to the first scan line of each character 


row. ; 
5. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 Vto 2.4 V. , 
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FIGURE 8 — SHARED BUFFER MODE TIMING 
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1. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 


outputs. Input levels are 0.4 V to 2.4 V. 


FIGURE 9 — SHARED AND TRANSPARENT MODE TIMING 
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a) During Vertical Blank or after ‘display off’ command in shared 
mode only. See Figure 7-for transparent timing. 


the other modes, but circuitry must be added to route the 
data from the display memory to the data bus inputs of the 
AVDC. Additionally, when not operating in row buffer 
mode, care must be taken to assure that the CPU does not 
attempt to access the AVDC while it is reading the row table. 
One way of preventing this is to latch prior to reading or 
writing the AVDC. The AVDC should only be accessed if the 
latch is low, indicating that the last line of the row is not 
active. ; 

Figure 13 illustrates a typical hardware implementation for 
use in conjunction with independent and transparent modes, 
and Figure 14 shows the timing for row table operation. 


(b) 





BLAM System Processor Has Continuous Bus Control 


b) After ‘display off and 3-state’ command. 


OPERATION 


After power is applied, the AVDC will be in an inactive 
state. Two. consecutive ‘master reset’’ commands are 
necessary to release this circuitry and ready the AVDC for 
operation. Two register groups exist within the ADC; the 
initialization registers and the display control registers. The 
initialization registers select the system configuration, 
monitor timing, cursor shape, display. memory domain, 


‘pointer address, scrolling region, double height and width 


condition, and screen format. These are loaded first and nor- 
mally require no modification except for certain special visual 
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FIGURE 10 — ROW BUFFER MODE CONFIGURATION 
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FIGURE 11 — ROW BUFFER MODE TIMING 
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NOTES: 
1. If row table addressing is enabled, BREQ will be asserted at the middle of the last scan line of the prior row, and MBC will 
be asserted at the beginning of BLANK. ; ae 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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FIGURE 12 — ROW TABLE.ADDRESS FORMAT. 
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FIGURE 13 — ROW TABLE MODE CONFIGURATION (NON-ROW BUFFER MODES) 
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FIGURE 14 — ROW TABLE MODE TIMING 
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effects. The display control registers specify the mem- 
ory address of the base character (upper left corner of 


screen), the cursor position, and the split screen .ad- . 


dresses associated with the scrolling area or an alter- 


nate memory. These may require modification during’ 


operation. ae 
After initial loading of the two register groups, the 
AVDC is ready to control the monitor screen. Prior to 
executing the AVDC commands which turn on the dis- 
play cursor, the user should load the display memory 
with the first data to be displayed. During operation, 
the AVDC will sequentially address the display memory 
within the limits programmed into its registers. The 
memory outputs character codes to the system char- 
acter and graphics generation logic, where they are con- 
verted to the serial video stream necessary to display 
the data on the CRT. The user effects changes to the 
CRT. The user effects changes to the display by modi- 
fying the contents of the display memory, the AVDC 
display control and command registers, and the initial- 
ization registers, if required. Interrupts and status con- 


ditions generated by the AVDC supply the “handshaking” 
information necessary for the CPU to effect real time 
display changes in the proper time frame if required. 


INITIALIZATION REGISTERS 


There are 15. initialization registers (1RO-IR14) which 
are accessed sequentially via a single address. The AVDC 
maintains an internal pointer to these registers which 
is incremented after each write at this address until the 
last register (IR14) is accessed. The pointer then contin- 
ues to point to IR14 for further accesses. Upon a power- 
on or a master reset comman4d, the internal pointer reset 
to point to the first register (IRO) of the initialization 
register group. The internal pointer can also be preset 
to any register of the group via the “load IR address 
pointer’ command. These registers are write only and 
are used to specify parameters such as the system con- 
figuration, display format, cursor shape, and monitor 
timing. Register formats are shown in Figure 15. 


FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 1 of 4) 
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Calculated from: 


0000=2 CCLK 
0001=4 CCLK 


e 
1110= 30 CCLK 
1111=32 CCLK 


EC=0.5 (HacT+Hrp+Hsynct Hpp)— 2(Hsync} 
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 2 of 4) 
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 3 of 4): 
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 4 of 4) 
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DOUBLE HEIGHT/WIDTH ENABLE (IRO[7]) — When this 
bit is set, the value in 1R14[7:6] is used to control the double 
height and width conditions of each character row. Asser- 
tion of this bit also allows IR14[7:6] to be programmed in two 
ways: 

1. By the CP writing to IR14 directly. 

2. When the contents of screen start register 1 (SSR1) 
upper are changed, either by the CPU writing to this 
register or by the automatic loading of SSR1 when 
operating in row table mode, the two most significant 
bits of SSR1 upper are copied into IR14{7:6]. Thus, the 
most significant bits of each row table entry can be us- 
ed to control double height and double width attributes 
on a row-by-row basis. 

IR14(5:4] are not active when this bit is set. When this bit 
is reset, the double height and width attributes operate as 
described in IR[14]. 

SCAN LINES PER CHARACTER ROW (IRO[6:3]) — Both 
interlaced and non-interlaced scanning are supported by the 
AVDC. For interlaced mode, two different formats can be 
implemented, depending on the interconnection between 
the AVDC and the character generator (see 1R1[7}). This field 
defines the number of scan lines used to compose a char- 
acter row for each technique. As scanning occurs, the scan 
line count is output on the LAO-LA3 and ODD pins. 

VSYNC/CSYNC (IRO[2]) — This bit selects either vertical 
sync pulses or composite sync pulses on the VSYNC/ 
CSYNC output (pin 18). The composite sync waveform con- 
forms to EIA RS170 standards, with the vertical interval com- 
posed of six equalizing pulses, six vertical sync pulses, and 
six more equalizing pulses. 

BUFFER MODE SELECT (IRO[1:0]) — Four buffer memory 
modes may be selectively enabled to accommodate the 
desired system configuration. See SYSTEM CONFIGURA- 
TIONS. 

INTERLACE ENABLE (IRII7}) — Specifies. interlaced or 
non-interlaced timing operation. Two modes of interlaced 
operation are available, depending on.whether LO-L3 or 


01= Double Width 
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ODD, LO-L2 are used as the line address for the character 
generator. The resulting displays are shown in Figure 16. 

For “interlaced sync’’ operation, the same information is 
displayed in both odd and even fields, resulting in enhanced 
readability. The AVDC outputs successive line numbers in 
ascending order on the LAO-LA3 lines, one per scan line for 
each field. 

The “‘interlaced sync and video’’ format doubles the char- 
acter density on the screen. The AVDC outputs successive 
line numbers in ascending order on the odd and LAO-LA2 
lines, one per scan line for each field. 


EQUALIZING CONSTANT (1R1[6:0]) — This field indirect- 
ly defines the horizontal front porch and is used internally to 
generate the equalizing pulses for the RS170 compatible 
CSYNC. The value for this field is the total number of 
character clocks (CCLKs) during a horizontal line period 
divided by two, minus two times the number of character 
clocks in the horizontal sync pulse: 


Hact+ Hep+Hsynct Hsp: 


EC= 
2 


- 2 (HSYNC) 


The definition of the individual parameters is illustrated in Fig- 
ure 17. 

Note that when using the attributes controller it will delay 
the blank pulse three CCLKs relative to the HSYNC pulse. 


ROW TABLE MODE ENABLE (IR2[7]) — Assertion/nega- 
tion of this bit causes the AVDC to begin/terminate 
operating in row table mode starting at the next character 
row. See ROW TABLE ADDRESS MODE. By using the split 
interrupt capability of the AVDC, this mode can be enabled 
and disabled on a particular character row. This allows a 
combination of row table and sequential addressing to be 
utilized to provide maximum flexibility in generating the 
display. 

.. HORIZONTAL SYNC PULSE WIDTH (IR2[6:3]) — This 
field specifies the width of the HSYNC pulse in CCLK 
periods. 
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FIGURE 16 — INTERLACED DISPLAY MODES 


Line Address 
To Character Generator 


























Non-Interlaced 
{RO= 1000; Total Lines/ Row=9 


HORIZONTAL BACK PORCH (IR2[2:0]) — This field 
defines the number of CCLKs between the trailing edge 
of HSYNC and the trailing edge of BLANK. 


VERTICAL FRONT PORCH (IR3[7:3]) — This field spec- 
ifies the number of scan line periods between the rising 
edges of BLANK and VSYNC during the vertical retrace 
interval. The vertical front porch is extended in incre- 
ments of scan lines if the ACLL input is low at the end 
of the programmed value. 


“VERTICAL BACK PORCH (IR3[4:0]) — This field de- 
termines the number of scan line periods between the 
‘falling edges of the VSYNC and BLANK outputs. 


CHARACTER BLINK RATE (IR4[7]) — Specifies the fre- 
quency for the character blink attribute timing. The blink 
rate can be specified as 1/64 or 1/128 of the vertical field 
rate. The timing signal has a duty cycle of 50% and is 
multiplexed onto the DADD1/BLINK output at the falling 
edge of each BLANK. 


Line Address 
To Character Generator 











Interlaced SYNC 
IRO= 1000; Total Lines/Row= 16 





Odd ——p 
<_- 0 -~_> 
<_—i— 
<— 2—> 
<— 13 


Line Address 
To Character Generator 
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Interlaced SYNC and Video 
IRO = 0100; Total Lines/Row= 10 


CHARACTER ROWS PER SCREEN (IR4[6:0]) — This 
field defines the number of character rows to be dis- 
played. The value multiplied by the scan lines per char- 
acte row, plus the vertical front porch, the vertical back 
porch values, and the vertical sync pulse width is the 
vertical scan period in scan lines. ’ 


ACTIVE CHARACTERS PER ROW (IR5[7:0]} — This 
field determines the number of characters to be dis- 
played on each row of the CRT screen. The sum of this 
value, the horizontal front porch, the horizontal sync 
width, and the ‘horizontl back porch is the horizontal 
scan period in CCLKs. 


FIRST AND LAST SCAN LINE OF CURSOR (IR6[7:4], 
IR6[3:0}]) — These two field specify the height and po- 
sition of the cursor on the character block. The “first’’ 
line is the topmost line when scanning from the top to 
the bottom of the screen. 
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FIGURE 17 — HORIZONTAL AND VERTICAL TIMING 
‘ . Character Row 
({R5) 


—>| be— Front Porch (1R1) Back Porch (IR2)—>l aa 
HSYNC ee ee | i 
—>|. be— HSYNC (1R2) a 
geese Rows/ Screen (IR4) 
be Scan Lines Per Row (1RO} 
VBLANK 


| be Front Porch ua) Back Porch (IR3)—>| ke 
VSYNC 1 meee Reet (a) eee 
—>| ke—vsynciir7) 


HBLANK 


Equalizing 


Lines/ Row Constant 
Fe enema 
~ HSYNC. HBACK VFRONT VBACK VSY.NC 
Width Porch - Porch Porch Width 


Character Rows/ Screen 


Characters per Row 





’ VERTICAL SYNC PULSE WIDTH (IR7[7:61) — This field 
specifies the width of the VSYNC pulse in scan line periods. 

CURSOR BLINK ENABLE (IR7I5]) — This bit controls 
whether or not the cursor output pin will be blinked at the 
selected rate (IR7[4]). The blink duty cycle for the cursor is 
50%. 

CURSOR BLINK RATE (IR7[4]) — The cursor blink rate 
can be specified at 1/32 or 1/64 of the vertical scan frequen- 
cy. Blink is effective only if blink is enabled by !R7[5]. 


UNDERLINE POSITION (IR7[3:0]) — This field defines which 
scan line of the character row will be used for the underline 
attribute by the attributes controller. The timing signal is mul- 
tiplexed onto the DADD10/UL’output during the falling edge 
of BLANK. 

DISPLAY BUFFER FIRST ADDRESS (IR9[3:0]), IR8[7:0] 
AND DISPLAY BUFFER LAST ADDRESS (IR9{7:4]) — 
These two fields define the area within the buffer memory 
where the display data will reside. When the data at the 
“display buffer last address” is displayed, the AVDC will 


wraparound and obtain the data to be displayed at the next - 


screen position from the ‘‘display buffer first address’. If 
“last address” is the end of a character row and a new 
screen start address has been loaded into the screen start 
register, or if ‘last address’’ is the last character position of 
the screen, the next data is obtained from the address: con- 
tained .in the screen start register. ; ae 

Note that there is no restriction in displaying data from 
other areas of the addressable memory. Normally, the area 


[Oa 


between these two bounds is used for data which can be 
overwritten (e.g., as a result of scrolling), while data that is 
not to be overwritten would be contained outside these 
bounds and accessed by means of the automatic split screen 
or split screen interrupt features of the AVDC. 


DISPLAY POINTER ADDRESS LOWER (IR10[7:0] AND 
DISPLAY POINTER ADDRESS UPPER (1R11[5:0]) — These 
two fields define a buffer memory address for AVDC con- 
trolled accesses in response to ‘read/write at pointer’ com- 
mands. They also define the last buffer memory address to 
be written for the ‘‘write from cursor to pointer’’ command. 


SCAN LINE ZERO DURING SCROLL DOWN (1RZ11[7]) — 
This field specifies normal scan line count or all’scan line zero 
counts for the new character row that occurs at the top of 
the scrolling area during soft scroll down operation. If the 
character generator provides blanks during scan line zero, 
this will cause the new row to be automatically blanked on 
the display. This feature can be used, if necessary, to blank 
the new row until the CPU places “blank data’’ into the 
display buffer. : 


SCAN LINE ZERO DURING SCROLL UP (IR11[6]) — This 
fiéld specifies normal scan line count or all scan line counts 
for the new character row that occurs at the bottom of the 
scrolling area during soft scroll up operation. , 


SCROLL START (IR12[7]) —. This bit ‘is asserted when 
soft scroll is to take place. The scrolling area begins at the 
row specified in split register 1 (IR12(6:0]). If set, the first 
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row to scroll scan line count will be reduced by the value in. 
the lines to scroll register (IR14[3:0]). The scan line count of 
this row will start at the programmed offset value. When this 
bit is asserted, scroll end IR13[7] must be set-before split 
register 2. 

SPLIT REGISTER 1 (1R12[6:0]) — Split register 1 can be 
used to provide special screen effects such as soft (scan line 
by scan line) scrolling, double -height/width rows, or to 
change the normal. addressing sequence of: the display 
memory. The contents of this field is compared, in real time, 
to the current row number. Upon a match, the AVDC sets 
the split screen 1 status bit, and issues an interrupt request if 


so programmed. The status change/interrupt request is __ 


made at the beginning of the scan line zero of the split screen 
character row. If enabled by the SPL1 bit of screen start 
register 2, an automatic split screen to the address specified 
in screen start register 2 will be made'for the designated 
character row. During a scroll operation, this field defines 
the first character row of the scrolling area. 


SCROLL END (IR13[7]) — This field specifies that the row 


programmed in split register 2 (1R13[6:0]) is to be the last 
scrolling row of the scrolling area. Note that this bit must be 
asserted for a valid row only:when the scroll start bit 1R12[7] 
is also asserted. 
SPLIT REGISTER 2.(1R13[6:0]) — This field is similar to 
the split register 1 field except for the following: 
1. Split screen 2 status bit is set. 


2. During a scroll operation, this field defines ‘the ‘last 


character row of the scrolling area. This row will be 


followed by a partial row. The LTSR (IR14) value. 


replaces the normal scan lines/row value for the partial 
row, thus keeping the total scan lines/screen the same. 

3. If enabled by the SPL2 bit of screen start register 2, an 
automatic split to the address contained in screen start 
register 2 will occur in one of two ways: 


a) If not scrolling an automatic split will occur for the . 


next character row. 
b) If scrolling, the automatic split will occur after the 
partial row being scrolled onto: or off the screen. 


First Line of Cursor ; 
Last Line of Cursor 
Underline -Line 
Double Height Character Rows 
Double Width Character Rows 
Rows to Scroll 
Cursor Blink 
Cursor Blink Rate 
Character Blink Rate 
Split Register 1. 
Split Register 2 














occurrence. 























Set/reset prior to the row specified in split 1 or 2 registers. © 
New values become effective within one field after values are changed. 


Change anytime prior to line zero of desired row. 


Character Rows Per Screen _ - Change only during vertical blanking period 


. , 4. The specified double width and height conditions (IR14) 
are also asserted in two possible ways: 
a} Automatic split will assert the programmed condition 
for the current row. 
b) During soft scroll, operation the programmed condi- 
tions are asserted for the partial row scrolling onto or 
off the screen: 


DOUBLE 1 (IR1417:6]) — This field specifies the condi- 
tions (double width/ height or normal) of the row designated 
in split register 1 (IR12[6:0]). When double height tops or 


‘bottoms has been specified, the AVDC will automatically 


toggle between tops and bottoms until another split 1 or 2 
occurs which changes: the double height/width condition. If 
a double height top row is specified, the scan line count will 
start at zero and increment the scan line every other scan 
line. If a double height bottom row is specified, the AVDC 
will start a one half the normal scan line total. If double width 
is specified, the AVDC will assert the DADD9/DW output at 
the falling edge of blank. This condition will also remain ac- 
tive until the next split 1 or 2. When IRO{[7]=1, the values 
written into bits 7 and 6 of screen start 1 upper will also be 
written into 1R14{7:6] and the automatic toggling between 
tops and bottoms is disabled. 


DOUBLE 2 (IR14[5:4]) — This field specifies the condi- 
tions (double width/ height or normal). of the row designated 
in split register 2 (IR13[6:0]). Not used with IRO[7] = 1. 

LINES TO SCROLL (IR14[3:0]) — This field defines the 
scan line increment to be-used during a soft scroll operation. 
This value will only be used when scroll start (IR12[7]) and 
scroll end (1R13[7]) are enabled. 


TIMING CONSIDERATIONS 

Normally, the contents of the initialization registers are not 
changed during normal ‘operation. However, this may be 
necessary: to implement special display features such as 
multiple cursors and horizontal scrolling. Table 2 describes 
timing details for these registers which should be considered 
when implementing these features. 


x 


TABLE 2 — TIMING CONSIDERATIONS __ 


Timing Considerations * 


These.parameters must:be established at a minimum of two character times prior to their 




















Vertical Front Porch Change prior to first line of VFP. = ho 
Vertical Back Porch |... | Change prior to four line after VSYNC. .. |. . : ; 


- | Screen Start Register 1 ., Change prior to the horizontal blanking interval of the last line of character row before row where 
Row Table Mode Enable new value is to be used 
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DISPLAY CONTROL REGISTERS 


There are seven registers in this group, each with an in- 
dividual address. Their formats are illustrated in Figure 18. 
The command register is used to invoke one of 19 possible 
AVDC commands as described in COMMANDS. The re-. 
maining registers in the group store address values which 
specify the cursor location, the location of the first character 
to be be displayed.on the screen, and any split screen ad- 
dress locations. The user initializes these registers after 
powering on the system and changes their values to control 
the data which is displayed. 


SCREEN START REGISTERS 1 AND 2 


The screen start 1 registers contain the address of the first 
character of the first row. (upper left corner of the active 


display). At the beginning of the first scan line of the first 


row, this address is transferred to the row start register 
(RSR) and into the memory address counter (MAC). The 
counter is then advanced sequentially at the character clock 
rate for the number of times programmed into the active 
characters per row register (IR5), thus reaching the address 
of the last character of the row plus one. At the beginning of 
. each subsequent scan line of the first row, the MAC is 
reloaded from the RSR and the. above sequence is repeated. 
At the end of the last scan line of the first row, the contents 
of the MAC is loaded into the RSR to serve as the starting 
memory address for the second character row. This process 


is repeated for the programmed number of rows per screen.” 


Thus, the data in the display memory is displayed sequen- 
tially starting from the address contained in the screen start 
register. After the ensuing vertical retrace interval, the entire 
process repeats again. 

During vertical blanking, the address counter operation is 
modified by stopping the automatic load of the contents of 
the RSR into the counter, thereby allowing the address out- 
puts to free-run. This allows. dynamic memory. refresh to oc- 
cur during the vertical retrace interval. The refresh address- 


ing starts at the last address displayed on the screen and in- 
crements by one for each character clock during the retrace 
interval. |f the display buffer last address is encountered, 
refreshing continues from the display buffer first address. 

The sequential operation described above will be modified 
upon the occurrence of any of three events. First, if during 
the incrementing of the memory address counter the 
“display buffer last address’’ (IR9[7:4]) is reached, the MAC 
will be loaded from the ‘‘display buffer first address’’ register 
IR9{3:0] and IR8[7:0]) at the next character clock. Sequen- 
tial operation will then, resume starting from this address. 
This wraparound operation allows portions of the display 
buffer to be used. for purposes other than storage of display- 
able data and is completely automatic without any CPU 
intervention (see. Figure 19a). 

The sequential row to row addressing can also be modified 
via split register 1 (IR12) and split register 2 (IR13), under 
CPU control, or by enabling the row table addressing mode. 
If bit 6 of screen start register 2 upper (SPL1) is set, the 
screen start register 2 contents will be loaded automatically 
into the RSR at the beginning of the first scan line of the row 
designated by split register 1 (1R12[6:0]). If bit 7 of screen 
start 2 upper (SPL2) is set, the screen start register 2 con- 
tents is automatically loaded into the RSR at the end of the 
last scan line of the row designated by split register 2 
(1R13[6:0]). SPL1 and SPL2 are write only bits and will read 
as zero when reading screen start register 2. 

\f the contents of screen start register 1 (upper, lower, or 
both) are changed during any character row (e.g., row ‘n’), 
the starting address of the next character row (row ‘n+ 1’) 
will be the new value of the screen start register and address- 
ing will continue sequentially from there. This allows fea- 
tures such as split screen operation, partial scroll, or status 
line display to be implemented. The split screen interrupt fea- 
ture of the AVDC is useful in controlling the CPU initiated 
operations. Note that in order to obtain the correct screen 
display, screen start register 1 must be reloaded with the 
original (origin of display) value prior. to the end of the ver- 
tical retrace. See Figure 19b. 


FIGURE 18 — DISPLAY CONTROL REGISTER FORMATS (Sheet 1 of 2) 


Command Code 





See COMMANDS for Command Codes 





Command Registers (Write Only} 


DADD14 


DADD15 


Most Significant Bits 
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FIGURE 18 — DISPLAY CONTROL REGISTER FORMATS (Sheet 2 of 2) 


9 6. 5 4 





H’0000’ = 0 
H‘0001' = 1 
Through 
H’3FFE’ = 16,382 
H’‘3FFF’ = 16,383 


NOTES: 


- Lower Register (Least Significant Bit) 


NOTE: Most significant bits are in upper register [5:0] 


3 2.. 1 0 







‘1. Bits 7 and 6 of upper register are not used in the cursor address register. 
2. Bits 7 and 6 of upper register are always zero when read by the CPU. 
3. When IRO[7]=1, the values written into bits 7 and 6 of screen start 1 upper will also be written into 
IR14[7:6] to control the double width and double height attributes of the display as follows: 


IN 


Attribute 


None ; 
Double Width Only 


=-00 
|=-O-0Of 


Double Width and Double Height Tops 
Double Width and Double Height Bottoms 


Screen Start 1 Register (Read and Write) and 
Cursor Address Registers (Read and Write) 


Most Significant Bits 





i 6 5 4 





H‘0000’ = 0 
H‘0001"= 1 
Through 


H'3FFE’ = 16,382 
H'SFFF’ = 16,383 


NOTE: 


Bit 7.and bit 6 are always zero: when read by the CPU. 


"Lower Register (Least Significant Bit) _ 


3 2 1 9 





NOTE: Most significant bits are in upper register [5:0] 


Screen Start 2 Registers (Read and Write) 


When row table addressing mode is enabled, the first ad- 
dress of the row table is designated in SSR2. The AVDC 


fetches the next row’s starting address from the table during 


the blanking interval prior to the first scan line of each char- 
acter row and loads it into SSR1 for use as the starting ad- 
dress of the next row. Since the contents of SSR2 changes 
as the table entries are fetched, it must be re-initialized to 
point to the first table entry during each vertical retrace inter- 
val. 

The vaiues of the two most significant bits of SSR1 upper 
are multiplexed onto the DADD1/DADD14 and DADD2/ 
DADD15 outputs during the. falling edge of BLANK. If 
iRO[7]=0, these two bits act as memory page select bits 
which may be used to extend the display memory addressing 


range of the AVDC up to 64K. In that case, these two bits 
act as a two-bit counter which is incremented each time that 
“~wraparound”’ occurs (see above). Note that the counter is 
incremented at the falling edge of BLANK and that for pro- 
per display operation the wraparound address should be pro- 
grammed to occur at the last character position of a row. 
Also, the first address accessed in the new page will be the 
address contained in the display buffer first address register 
(IR9[3:0] and IR8{7:0}). ; 


CURSOR ADDRESS REGISTERS 

The contents of these registers define the buffer memory 
address of the cursor. The cursor output will be asserted 
when the memory address counter matches the value of the 
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FIGURE 19 — DISPLAY ADDRESSING OPERATION 


Bottom of Screen — 


Screen Start —> 


16K 


Memory 
(a) Display Memory Wraparound 


Screen Start 1 — 


. Screen Start2— 


16K 


Memory ; 
(b) Display Memory Split Screen With Wraparound 


cursor address registers for the scan lines specified in IR6. 
The cursor address registers can be read or written ‘by the 
CPU or incremented via the “increment. cursor address” 
command. In independent buffer mode, these registers 
define a buffer memory address for AVDC controlled access 
in. response to ‘read/write at cursor with/without incre- 
ment’’ commands, or the first address to be used in 
executing the ‘write from cursor to pointer’ command. 


INTERRUPT/STATUS REGISTERS 

The interrupt and status registers provide information to 
the CPU to allow it to interact with the AVDC to effect 
desired changes that implement various display operations. 
The interrupt register provides information on five display 
operations. The interrupt register provides information on 
five possible interrupt conditions, as shown in Figure 20. 
These conditions can be selectively enabled or. disabled 











+ Display Buffer End 


+ Display Buffer Start 





Monitor 
Display 





Monitor 
Display 


(masked) from causing interrupts by certain AVDC com- 
mands. An interrupt condition which is enabled (masked bit 
equal to one) will cause the INTR output to be asserted and 
will cause the corresponding bit in the interrupt register: to be 
set upon the occurrence of the interrupting condition. An 
interrupt condition which is disabled (mask bit equal to zero) 
has no effect on either the INTR output or the interrupt 
register. ; 

The status register provides six bits of status information: 
the five possible interrupt conditions plus the RDFLG bit. For 
this register, however, the contents are not affected by the 
state of the mask bits. 

Descriptions of each interrupt/status register bit follow. 
Unless otherwise indicated, a bit, once set, will remain set 
until reset by the CPU by issuing a “reset interrupt/status 
bits’’ command. The bits are also reset by a ‘‘master reset’ 
command and upon power-up. 
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FIGURE 20 — INTERRUPT AND STATUS REGISTER FORMAT 


5 4 









Not Used 
Always Read as.0 


O= Busy O=No 


1= Ready 





RDFLG (i/SRI5]) — This: bit is present in the status 
register only. A zero indicates that the AVDC is currently 
executing the previously issued delayed command. A one 
indicates that the AVDC is ready to: accept a new delayed 
command. 

VBLANK (I/SRI4]) — Indicates the beginning of a vertical 
blanking interval. Set to one at the beginning of the first scan 
line of the vertical front porch. 


1=Yes 


Line 
RDFLG VBLANK Split 1 Ready 


| O=No 
1= Yes 






3. i. 2 1 


0 
Split 2 


0=No 
1= Yes 





0=No 
T= Yes 


O= Busy 
1= Ready 





when execution of a delayed command has been completed. 
No other delayed command should be invoked until the prior 


* delayed command is completed. 


LINE ZERO (I/SRI3]) — Set to one at the beginning of the _ 


first scan line (line 0) of each active character row. 

SPLIT SCREEN 1 (1/SRI2]) — This bit is set when a match 
occurs between the current character row number and the 
value contained in split register 1, 1R12[6:0]. The equality 
-condition is only checked at the beginning of line zero of 
each character row. : 

READY (I/SRI1]) — The delayed commands affect the 
display and may require the AVDC to wait for a blanking 
interval before enacting the command. This bit is set to one 


SPLIT SCREEN 2 (I/SRIO]) — This bit is set when a match 
occurs between the current character row number and the 
value contained in split register 2 (IR13[6:0]). 


COMMANDS 


The AVDC commands are divided into two classes: the in- 
stantaneous commands which are executed immediately 
after they are invoked, and the delayed commands which 
may need to wait for a blanking interval prior to their execu- 
tion. Command formats are shown in Table 3. The com- 
mands are asserted by performing a write operation to the 
command register with the appropriate bit pattern as the 
data byte. 


TABLE 3 — AVDC COMMAND FORMATS 
















































0 0 0 0 0 0 0 
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0 0 1 d d d 4 
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My Sic tat a eS 
on7-7rorf-c0o 0+ 0 





NOTES: 
*Any combination of these three commands is valid. 
d=Don't care. 


7 | os | os | oe | 0 | 02 | 01 | 0 | Hex 


Instantaneous Commands 














Command 








Master Reset | 
Load IR Pointer with Value V (V=0 to 14) 

Disable Graphics’ 

Enable Graphics 

Display Off — Float DADD Bus if N=1 

Display On — Next Field (N=1) or Scan Line (N=0) 
Cursor Off 

Cursor:On . vo: 

Reset Interrupt/Status: bit Reset where N=1 
Disable Interrupt: Disable where N= 1 

Enable Interrupt: Enables Interrupts where N=1 


Interrupt Bit 
Assignments 





Delayed Commands 


A4 
A2 
AQ 
AC 
AA 
AD 
AB 









2 ie 2 PRS ol 






Read at Pointer Address 

Write at Pointer Address 

Increment Cursor Address 

Read at Cursor Address 

Write at Cursor Address 

Read at Cursor Address and Increment Address. 
Write at Cursor Address and Increment Address 
Write from Cursor Address to Pointer Address 
Read from Cursor Address to Pointer Address 
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INSTANTANEOUS COMMANDS 

The instantaneous commands are executed immediately 
after the trailing edge of the write pulse during which the 
command is issued. These commands do not affect the state 
of the RDFLG or READY interrupt/status bits and can be in- 
voked at any time. 


MASTER RESET 

This command initializes the AVDC and can be invoked at 
any time to return the AVDC to its initial state. Upon power- 
up, two successive master reset commands must be applied 
to release the AVDC’s internal power-on circuits. In 
transparent and shared buffer modes, the CTRL1 input must 
be high when the command is issued. The command causes 
the following: 

1. VSYNC and HSYNC are driven low for the duration of 
the command and BLANK goes high. After command 
completion, HSYNC and VSYNC will begin operation 
and BLANK will remain high until a ‘display on’ com- 
mand is received. 

2. The interrupt and status bits and masks are set to zero, 
except for the RDFLG flag which is set to a one. 

3. The row buffer mode, cursor-off, display-off, and line 
graphics disable states are set. 

4. The initialization register pointer is set to address IRO. 

5. IR2[7] is reset. 


LOAD IR ADDRESS 

This command is used to preset the initialization register 
pointer with the value ‘'V’’ defined by D3-D0. Allowable 
values are 0 to 14. 


ENABLE GRAPHICS 


After invoking this command, the AVDC will increment 
the MAC to the next consecutive memory address for each 
scan line even if more than one scan line per row is program- 
med. This mode can be used for bit-mapped graphics where 
each location in the display buffer within the defined area 
contains the bit pattern to be displayed. This command is 
row buffered and should be asserted during the character 
row prior to the row where this feature is required. This 
allows the user to enter and exit graphics mode on character 
row boundaries. 

To perform split screen operations while in graphics mode 
use SSR2 only. 

DADDO/LG is asserted during the trailing edge of BLANK 
for each scan line while this mode is active. 


DISABLE GRAPHICS 
Normal addressing resumes at the next row boundary. 


DISPLAY OFF 

Asserts the BLANK output. The DADDO thraugh DADD13 
display address bus outputs can be optionally placed in the 
three-state condition by setting bit 2 to a one when invoking 
the command. 


DISPLAY ON 


Restores normal blanking operation either at the beginning 
of the next field (bit 2=1) or at the beginning of the next 


- scan line (bit 2=0). Also returns the DADDO-DADD13 


drivers to their active state. 


CURSOR OFF 


Disables cursor operation. Cursor output is placed in the 
low state. 


CURSOR ON 
Enables normal cursor operation. 


RESET INTERRUPT/STATUS BITS 

This command resets the designated bits in the interrupt 
and status registers. The bit positions correspond to the bit 
positions in the registers: 


BitO — Split 2 
Bit 1 — Ready 
Bit 2 — Split 1 


Bit 3 im Line Zero 
Bit 4 — Vertical Blank 


DISABLE INTERRUPTS 


Sets the interrupt mask to zeros for the designated condi- 
tions, thus disabling these conditions from being set in the 
interrupt register and asserting the INTR output. Bit position 
correspondence is as above. 


ENABLE INTERRUPTS 

This command writes the associated interrupt mask bit to 
a one. This enables the corresponding conditions to be set in 
the interrupt register and asserts the INTR output. Bit posi- 
tion correspondence is as above. 


DELAYED COMMANDS 


This group of commands is utilized for the independent 
buffer mode of operation, although the ‘increment cursor’ | 
command can also be used in other modes. With the excep- 
tion of the ‘‘write from cursor to pointer’ and “increment 
cursor’ commands, all the commands of this type will be 
executed immediately or will be delayed depending on when 
the command is invoked. If invoked during the active screen 
time, the command is executed at the next horizontal blank- 
ing interval. If invoked during a vertical retrace interval or a 
“display off’ state, the command is executed immediately. 

The “increment cursor’’ command is executed immedi- 
ately after it is issued and requires approximately three CCLK 
periods for completion. The “write from cursor to pointer’ 
command executes during blanking intervals. The AVDC will 
execute aS many writes as possible during each blanking 
interval. If the command is not completed during the current 
blanking interval, the command will be held in suspension 
during the next active portion of the screen and continues 
during the next blanking interval until the command is 
completed. 





ORDERING INFORMATION (Vcc=5 V+5%, Ta=0°C to 70°C) 





Plastic 
P Suffix 





Package Type Order Number 
2.7 MHz 
4.0 MHz 






MC2674B3P 
MC2674B4P 
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PIN ASSIGNMENT — 





R Vec 
CE A2 
w Al 
CTRL1 AO 
CTRL2 ACLL 
CTRL3 INTR 
CURSOR DADDO/LG 
DADD1/ 
DO DADD14 
51 DADD2/ 
DADD15 
D2 DADD3/LR 
D3 DADD4/LAO 
D4 DADDS5/LA1 
D5 DADD6/LA2 
D6 DADD7/LA3 
D7 DADD8/FL 
CCLK DADD9/DW 
BLANK DADD10/UL 
VSYNC/ DADD11/ 
CSYNC BLINK : 
12 
HSYNC Gna 
GND DADD13/LL 
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TECHNICAL DATA 
_MC6800 


8-Bit Microprocessing Unit (MPU) 


The MC6800 is a monolithic 8-bit microprocessor forming the central control function for Motorola's 
M6800 Family. Compatible with TTL, the MC6800, as with all M6800 system parts, requires only’ one ° 
+5,0-volt power supply and no external TTL devices for bus interface. 

The MC6800 is capable of addressing 64K bytes of memory with its 16-bit address lines. The 8-bit data 
bus is bidirectional as well as three-state, making direct memory addressing and multiprocessing applica- 
tions realizable. 

@ 8-Bit Parallel Processing 

@ Bidirectional Data Bus 

@ 16-Bit Address Bus — 64K Bytes of Addressing 

@ 72 Instructions — Variable Length ; . 

@ Seven Addressing Modes — Direct, Relative, Immediate, Indexed, Extended, Implied, and 
Accumulator 

@ Variable Length Stack 

@ Vectored Restart 

@ Maskable Interrupt Vector 

@ Separate Nonmaskable Interrupt — Internal Registers Saved in Stack. 


@ Six Internal Registers — Two Accumulators, Index Register, Program OUniel: Stack Pointer and ; 
Condition Code Register : 


@ Direct Memory Addressing (DMA) and Multiple Processor Capability 
@ Simplified Clocking Characteristics . 

@ Clock Rates as High as 2.0 MHz 

@ Simple Bus Interface without TTL 

@ Halt and Single Instruction Execution Capability 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM. RATINGS 

[| Rating | Symbol | Value | Unit_| 
Supply Voltage 
=03t0+70 [iv Of 



























Operating Temperature Range TA Ty to TH °C 
MC6800, MC68A00, MC68B00, | .-- -—0to 70 ae 
MC6800C, MC68A00C __. —40to:4+85. |. . -. |. 

Storage Temperature Range —55 to +150 2 eal 


THERMAL RESISTANCE —s. 


| Rating =| Symbol | Value | Unit_| 
Plastic Package 8JA 100 °C. 
Cerdip Package 60 


POWER CONSIDERATIONS 





The average chip-junction temperature, Ty, in °C can be obtained from: . 
Ty=TA+(Pp * JA) 5 ei way Wd 
where: ’ , 
TA = Ambient Temperature, °C 
QJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD =PINT+PPORT ©. - Me 
PINT =IccxVcc, Watts — Chip Internal Power 





PPORT = Port Power Dissipation, Watts — User Determined . : 
For most applications PPORT<PINT and can be neglected. PPORT may become significant if the device is configured 

to drive Darlington bases or sink LED loads. ; ne 
An approximate relationship between Pp and Ty (if PPoRT is neglected) is: 


Pp=K+(Tj+273°C)  & ee me | 
Solving equations (1) and (2) for K gives: = iss cs tpn a 
K=Pp9(Ta + 273°C) + 6JAPD? (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 


equilibrium) for a known Ta. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ta 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vde, +5%, Vgg=0, TA=TL to TH unless otherwise noted) 


Characteristic 
Input High Voltage Logic q 
1,42} Vinc | Vcc—06 : 5 
input Low Voltage Logic ; ‘ 
$1,¢2) Vitc | Vss—-0.3 : 

Input Leakage Current fe | = | 

(Vin = 0 to 5.25 V, Vcc = Max) 

(Vin =0 to 5.25 V, Vcc =0 V to 5.25 V) 


Hi-Z Input Leakage Current DO-D7 
(Vin = 0.4 to 2.4 V, Vcc = Max) AO-A15, R/W 


(ILoad= — 100 pA, Voc = Min) BA 
Output Low Voltage (ILogg= 1.6 mA, VCC= Min) 
Internal Power Dissipation (Measured at Ta = TL) PINT 


Capacitance 
(Vin =0, Ta = 25°C, f= 1.0 MHz) 
Logic Inputs 
A0-A15, R/W, VMA |__Cout 


liz 
Output High Voltage 
(Load = — 205 nA, Vcc = Min) _D0-D7/ ,, 
(Load = — 145 4A, Vcc = Min) A0-A15, R/W, VMA OH 
OL 
Cin 











MOTOROLA MICROPROCESSOR DATA 
3-62 


MC6800 


CLOCK TIMING (Vcc =5.0 V, +5%, Vgg=0, Ta=TL: to T} unless otherwise noted) 
















a 
Frequency of Operation 0.1 1.0 
; 0.1 1.5 
0.1 2.0 







Cycle Time (Figure 1) MC6800 1.000" 10 
MC68A00 | teyc 0.666 10 
MC68B00 0.500 10 
Clock Pulse Width — $1, 62 — MC6800 400 9500 
(Measured at Vcc — 0.6 V) $1, 62 — MC68A00} PWoH 230 9500 
1, 62 — MC68B00 180 9500 
Total ¢1 and 2 Up Time : . ».MC6800 900 
MC68A00 |. tut 600.” 
MC68B00 440 
Rise and Fall Time (Measured between Vss +0.4 and Vcc—0.6) Potty f o- fe = | 100] ons | 


Delay Time or Clock Separation (Figure 1) : 
: 9100 
9100 


(Measured at Voy = Vss+0.6 V@t-= tps 100 ns) 
FIGURE 1 — CLOCK TIMING WAVEFORM 


(Measured at Voy =Vss+ 1.0 V@tr= tfs 35 ns) 
Teye 
0 ae or arr | 


tht 

























$1 


$2 









Vite 


tor 


PWoH a] — tet 
NOTES: 


1. Voltage levels shown are Vi <0.4, VH22.4 V, unless otherwise specified. 


2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 


READ/WRITE TIMING (Reference Figures 2 through 6, 8, 9, 11, 12 and 13) 


Address Delay. 
C=90 pF 
C=30 pF 


Input Data Hold Time eee eee eS 
Output Data Hold Time ar aes 


Address Hold Time (Address, R/W, VMA) 


Processor Controls 
Processor Contro! Setup Time | 
Processor Control Rise and Fall Time tpcr. tPCt 
Bus Available Delay tBA 
Hi-Z Enable tTSE 
Hi-Z Delay tTSD 
Data Bus Enable Down Time During ¢1 Up Time tOBE 
Data Bus Enable Rise and Fall Times tDBEr- toBEt 
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FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS 


Start of Cycle 


Pa 


v) : 
VILC , VILC 


{ 
tr ; | 


VIHC 
o2. 


— | q “IY : 
Address. ped N : 
Mo. ys 

pee ee 


ew . TTP A 
tap tacc tosrR 
einen ae STK) Data vaiia |S 


or Peripherals 


3 RQ AY Date Not Valid 





FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS 


ye Start of Cycle 


$1 


Address 
From MPU 


VMA 





DBE 
From MPU ; Data Valid NS 





\\\\\\\Y Data ner pau 


NOTES: ene 
1. Voltage levels shown are V_<0.4, VH22.4 V, unless otherwise specified. 


.2.. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. - 
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FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING (Tppw) 


n-aeammeray | | | [1] | 


lol = = 1.8mA max @ 0.4V 





DELAY TIME (ns) 


FIGURE 5 — TYPICAL READ/WRITE, VMA, AND ADDRESS 
OUTPUT DELAY versus CAPACITIVE LOADING (Tap) 


10H =-145 vA max @2.4V ++} 4—- 


foe = 1.6 mA max @0.4 V 





600 















as SS 
- ie aa a 
By ES ae a a ee a a: 

2 a 
== ee Addroet RW a 
on AAR em 
. Cm a a ao 
(ame ica a 






ale I Cr includes —_ capacitance 


300 400 600 
CL, LOAD CAPACITANCE (pF) 


FIGURE 6 — BUS TIMING TEST LOADS 


100 
0 
0 100 AA 300 400 600 
C_, LOAD CAPACITANCE (pF) 
Voc 
Ry = 2.2 k2 
Test Point MMEGIS9 
or Equiv. 
MMD 7000 
or Equiv. 





C = 130 pF for DO-D7,E 
= 90 pF for AO-A15, R/W, and VMA 
(Except tang) 
= 30 pF for AO-A15, R/W, and VMA 
(tap2 only) 
= 30 pF for BA 
R= 11.7 kQ for DO-D7 
= 16.5 kQ for AO-A15, R/W, and VMA 
= 24 kQ for BA 


TEST CONDITIONS 


The dynamic test load for the Data Bus is 
130 pF and one standard TTL load as shown. 
The Address, R/W, and VMA outputs are tested 
under two conditions to allow optimum opera- 
tion in both buffered and unbuffered systems, 
The resistor (R) is chosen to insure specified 
!oad currents during Vo}, measurement. 

Notice that the Data Bus lines, the Address 
lines, the Interrupt Request line, and the DBE 

_ tine are all specified and tested to guarantee 
0.4 V of dynamic noise immunity at both 
“1” and ‘'0"' logic jevels. 
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FIGURE 7 — EXPANDED BLOCK DIAGRAM 











Ai6 -Ai4 A13 A12 A111 A10 AQ A8 A7 AB AS AS AB A2 A? AQ 
| ; a 
Output : Output 
‘ Buffers Buffers ‘ 
Clock, $1 ; . . 
Clock, ¢2 |. . 
RESET . Program Program 
Non-Maskable Interrupt Counter 4, Counter | 
, HALT Instruction 
Interrupt Request. - Decode Stack Stack 
and Pointer 44 Pointer 
Three-State Control Control 
Date Bus Enable Index Index 
Bus Available Register Register | 
i; Valid Memory Address 
Read/Write, R/W 
i A 
Instruction Accumulator 
Register B 
Condition 
Code 
Register 
J 
Data 
Vcc=Pin 8 
Vss= Pins 1, 21 D7 D6 D5 D4 D3 D2 Di oD 
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MPU SIGNAL DESCRIPTION © 


Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific func- 
tions and that other signal lines be monitored to determine 
the state of the processor. 


Clocks Phase. One and Phase Two (¢1, 62) — “Two pins 
are used for a two-phase non- overlapping clock that runs at 
the Vcc voltage level. 

Figure 1 shows the microprocessor clocks. The high level 
is specified at ViHC and the low level is specified at VILC. 
The allowable clock frequency is specified by f (frequency). 
The minimum $1 and #2 high level pulse widths are specified 
by PW9H (pulse width high time). To guarantee the required 
access time for the peripherals, the clock up time, tyt, is 
specified. Clock separation, tq, is measured at a maximum 
voltage of Voy (overlap voltage). This allows for a multitude 
of clock variations at the system frequency rate. 


Address Bus (A0-A15) — Sixteen:pins are used for the ad- 
dress bus. The outputs are three-state bus drivers capable of 
driving one standard TTL load and 90 pF. When the output is 
turned off, it is essentially an open circuit. This permits the 
MPU to be used in DMA applications. Putting TSC in its high 
state forces the Address bus to go into the three-state mode. 


Data Bus (DO-D7) — Eight pins are used for the data bus. 
It is bidirectional, transferring data to and from the memory 
and peripheral devices. |t also has three-state output buffers 
capable of driving one standard TTL load and 130 pF: Data 
Bus is placed in the three-state mode when DBE is low. 


Data Bus Enable (DBE) — This level sensitive input is. the 


three-state contro! signal for the MPU data bus and will: 


enable the:bus drivers when in the high state. This input is 
TTL compatible; however in normal operation, it would be 
driven by the phase two clock. During an MPU read cycle, 
the data bus drivers will be disabled internally. When it is 
desired that another device control the data bus, such as in 
Direct Memory Access (DMA) applications, DBE should be 
held low. ; : 

If additional. data setup or hold time is required on an MPU 
write, the DBE down time can be decreased, as shown in 
Figure 3 (DBE#@2). The minimum down time for DBE is 
tDBE as shown. By skewing DBE with respect to E, data 
setup or hold time can be increased. 


Bus Available (BA).— The Bus Available signal! will nor- 
mally be in the low state; when activated, it will go to the 
high state indicating that the microprocessor has stopped 
and that the address bus is available. This will occur if the 
HALT line is in.the-low-state or the processor is in the WAIT 
state as a result of the execution of a WAIT instruction. At 
such time, all three-state output drivers will go to their off 
state and other outputs to their normally inactive level. The 
processor is removed from the WAIT state by the occurrence 
of a maskable (mask bit |=0) or nonmaskable interrupt. This 
output is capable of driving one standard TTL load and 
30 pF. If TSC is in the high state, Bus Available will be low. 





Read/Write (R/W) — This TTL compatible output signals 
the peripherals and memory devices wether the MPU is in a 


Read (high) or Write (low) state. The normal standby state of 
this signal is Read (high). Three-State Control going high will 
turn Read/Write to the off (high impedance) state. Also, 
when the processor is halted, it will be in the off state. This 
output is capable of driving one standard TTL load and 
90 pF. 


RESET — The RESET input is used to reset and start the 
MPU from a power down condition resulting from a power 
failure or initial start-up of the processor. This level sensitive 
input can also be used to reinitialize the machine at any time 
after start-up. 

\f a high level is detected in this input, this will signal the 
MPU to begin the. reset sequence. During the reset ‘se- 
quence, the contents of the last two locations (FFFE, FFFF) 
in memory will be loaded into the Program Counter to point 
to the beginning of the reset routine. During the reset 
routine, the interrupt mask bit is set and must be cleared 
under program control before the MPU can be interrupted by 
IRQ. While RESET is low (assuming a minimum of 8 clock 
cycles have occurred) the MPU output signals will be in the 
following states: VMA= low, BA=low, Data Bus= high im- 
pedance, R/W= high (read state), and the Address Bus will 
contain the reset address FFFE. Figure 8 illustrates a power 
up sequence using the RESET control.line. After the power 
supply reaches 4.75 V, a minimum of eight clock cycles are: 
required for the processor to stabilize in preparation for 
restarting: During these eight cycles, VMA will be in an in- 
determinate state so any devices that are enabled by VMA 
which could accept a. false write during this time (such as 
battery-backed RAM) must be disabled until. VMA is forced 
low after eight cycles. RESET can go high asynchronously 
with the system oes any time after the lies cycle. 











RESET timing is sons in Figure 8. The maximum rise and 
fall transition times are specified by tpcr and tpcf. If RESET 
is.high at tpcs (processor control setup time), as shown in 
Figure 8, in any given cycle then the restart sequence will 
begin on the next cycle as shown. The RESET control line 
may also be used to reinitialize the MPU system at any time 
during its operation. This is accomplished by pulsing RESET 
low for the duration of a minimum of three complete $2 
cycles. The RESET pulse can be completely asynchronous 
with the MPU system clock and will be recognized during o2 
if setup time tPCS is met. 





interrupt Request (ind) — This level sensitive input re- 
quests that an interrupt sequence be generated within the 
machine. The processor will wait until.it completes the cur- 
rent instruction that is being executed before it recognizes 
the request. At that time, if the interrupt mask bit in-the Con- 
dition Code Register is not set, the machine will begin an in- 
terrupt sequence. The Index Register, Program Counter, Ac- 
cumulators, and.Condition Code Register are stored away on 
the stack. Next, the MPU will respond to the interrupt re- 
quest by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit ad- 
dress will be loaded that points to a vectoring address which 
is located in memory locations FFF8 and FFF9. An address 
loaded at these locations causes the MPU to branch to an in- 
terrupt routine in memory. Interrupt timing is shown in 
Figure 9. 
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The HALT. line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while HALT 
is low. 

The IRQ has a-high-impedance pullup device internal to 
the chip; however, a 3 kQ external resistor to Vcc should be 
used for wire-OR and optimum control of interrupts. 


Non-Maskable interrupt (NMI) and Wait for Interrupt 
(WAI) — The MC6800 is capable of handling two types of in- 
terrupts: maskable (IRQ) as described earlier, and_non- 
maskable (NMI) which is an edge sensitive input. IRQ is 
maskable by the interrupt mask in the condition code register 
while NMI is not maskable. The handling of these interrupts 
by the MPU is the same except that each has its own vector 
address. The behavior of the MPU when interrupted is 
shown in Figure 9 which details the MPU response to an in- 
terrupt while the MPU is executing the control program. The 
interrupt shown could be either TRO or NMI and can be asyn- 
chronous with respect to ¢2. The interrupt is shown going 
low at time tpcs in cycle #1 which precedes the first cycle of 
an instruction (OP code fetch). This instruction is not ex- 
ecuted but instead the Program Counter (PC), Index 
Register (IX), Accumulators (ACCX), and the Condition 
Code Register (CCR) are pushed onto the stack. 

The Interrupt Mask bit is set to prevent further interrupts. 
The address of the interrupt service routine is then fetched 
from FEFC, FFFD for an NMI interrupt and from FFF8, FFF9 
for an IRQ interrupt. Upon completion of the interrupt ser- 
vice routine, the execution of RTI will pull the PC, IX, ACCX, 
and CCR off the stack; the Interrupt Mask bit is restored to 
its condition prior to Interrupts (see Figure 10). 

Figure 11 is a similar interrupt sequence, except in this 
case, a WAIT instruction has been executed in preparation 
for the interrupt. This technique speeds up. the MPU’s 
response to the interrupt because the stacking of the PC, IX, 
ACCX, and the CCR is already done. While the MPU is 
waiting for the interrupt, Bus Available will go high in- 
dicating the following states of the control lines: VMA is low, 
and the Address Bus, R/W and Data Bus are all in the high 
impedance state. After the interrupt occurs, it is serviced as 
previously described. 

A 3-10 k@ external resistor to Vcc should be used for wire- 
OR and optimum control of interrupts. : 


MEMORY MAP FOR INTERRUPT VECTORS 


7 
as tmcinfon 
FFFE FFFF Reset 
-Non-Maskable Interrupt 















FFFC FFFD 
FFFA FFFB Software Interrupt 
FFF8 | FFF9 Interrupt Request 


Refer to Figure 10 for program flow for Interrupts. 


Three-State Control (TSC) — When the level sensitive 
Three-State Contro! (TSC) line is a logic ‘1’, the Address 
Bus and the R/W line are placed in a high-impedance state. 
VMA and BA are forced low when TSC="'1" to prevent 
false reads or writes on any device enabled by VMA. tt is 
necessary to delay program execution while TSC is held 
high. This is done by insuring that no transitions of $1 (or 2) 
occur during this period. (Logic levels of the clocks are irrele- 
vant so long as they do not change). Since the MPU is a 
dynamic device, the ¢1 clock can be stopped for a maximum 


time PW: without destroying data within the MPU. TSC 
then can be used in a short Direct: Memory Access (DMA) 
application. 

Figure 12 shows the effect of TSC on the MPU. TSC must 
have its transitions at tTsE (three-state enable) while holding 
¢1 high and $2 low as shown. The Address Bus and R/W 
line will reach the high-impedance state at tTSp (three-state 
delay), with VMA being forced low. In this example, the 
Data Bus is also in the high-impedance state while $2 is be- 
ing held low since DBE=@2. At this point in time, a DMA 
transfer could occur on cycles #3 and #4. When TSC is 
returned low, the MPU Address and R/W lines return to the 
bus. Because it is too late in cycle #5 to access memory, this 
cycle is dead and used for’synchronization. Program execu- 
tion resumes in cycle #6. : 


Valid Memory Address (VMA) — This output indicates to 
peripheral devices that there is a valid address on the address 
bus. In normal operation, this signal should be utilized for 
enabling peripheral interfaces such as the PIA and ACIA. 


_ This signal is not three-state. One standard TTL load and 


90 pF may be directly driven by this active high signal. 


HALT — When this level sensitive input is in the low state, 
all activity in the machine will be halted. This input is level 
sensitive. ; 

The HALT line provides an input to the MPU to allow con- 
trol of program execution by an outside source. If HALT is 
high, the MPU will execute the instructions; if it is low, the 
MPU will go to a halted or idle mode. A response signal, Bus 
Available (BA) provides an indication of the current MPU 
status. When BA is low, the MPU is in the process of ex- 
ecuting the control program; if BA is high, the MPU has 
halted and all internal activity has stopped. 

When BA is high, the Address Bus, Data Bus, and R/W 
line will be in a high-impedance state, effectively removing 
the MPU from the system bus. VMA is forced low so that the 
floating.system bus will not activate any device on the bus 
that is enabled by VMA. 

While the MPU is halted, all program activity is stopped, 
and if either an NMI or IRQ interrupt occurs, it will be latched 
into the MPU and acted on as soon as the MPU is taken out 
of the halted mode. If a RESET command occurs while the 
MPU is halted, the following states occur: VMA=low, 
BA=low, Data Bus=high impedance, R/W=high (read 
State), and the Address Bus will contain address FFFE as 
long as RESET is low. As soon as the RESET line goes high, 
the MPU will go to locations FFFE and FFFF for the address 
of the reset routine. 

Figure 13 shows the timing relationships involved when 
halting the MPU. The instruction illustrated is a one byte, 2 
cycle instruction such as CLRA. When HALT goes low, the 
MPU will halt after completing execution of the current in- 
struction. The transition of HALT must occur tpcs before 
the trailing edge of #1 of the last cycle of an instruction 
(point A of Figure 13). HALT must not go low any time later 
than the minmum tpcs specified. 

The fetch of the OP code by the MPU is the first cycle of 
the instruction. lf HALT had not been low at Point A but 
went low during $2 of that cycle, the MPU would have 
halted after completion of the following instruction. BA will 
go high by time tga (bus available delay time) after the last 
instruction cycle. At this point in time, VMA is low and R/W, 
Address Bus, and the Data Bus are in the high-impedance 
state. 
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To debug programs it-is advantageous to step through 
programs instruction by instruction. To do this, HALT must 
be brought high for one MPU cycle and then returned low as 
shown at point B of Figure 13. Again, the transitions of 

“must occur tpcs before the trailing edge of ¢1. BA 
will go low at tga after the leading edge of the next $1, in- 
dicating that the Address. Bus, Data Bus, VMA and R/W 


FIGURE 10 — 





ITMP—I 


lines are back on the bus. A single byte, 2 cycle instruction 
such as.LSR is used for this example also. During the first cy- 
cle, the instruction Y is fetched from address M+1. BA 
returns high at tga on the last cycle of the instruction in- 
dicating the MPU is off the bus. if instruction Y had been 
three cycles, the width of the BA low time would have been 
increased by one cycle. 


MPU FLOWCHART 


ITMP —> | 
Stack 
PC, X, A, B, CC 


<> 
= 
eel 


WAI 





0—BA 


Condition Code Register 





‘ITEMP’ 1-Bit 
Buffer Register 


Notes: 


1. Reset is recognized at any position in the flowchart. 

Instructions which affect the |-Bit act upon a one-bit buffer register, 
“ITMP.” This has the effect of delaying any CLEARING of the 1-Bit one 
clock time. Setting the I-Bit, however, is not delayed. 


See Tables 6-11 for-details of Instruction Execution: 
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FIGURE 11 — WAIT INSTRUCTION TIMING 
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FIGURE 12 — THREE-STATE CONTROL TIMING 
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FIGURE 13 — HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG 
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MPU REGISTERS 


The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 14). 


Program Counter — The program counter is a two byte 
(16 bits) register that points to the current program address. 


Stack Pointer — The stack ponter is a two byte register 
that Contains the address of the next available location in an 
external push-down/pop-up stack. This stack is normally a 
random access Read/Write memory that may have any loca- 
tion (address) that is convenient. In those applications that 
require storage of information in the stack when power is 
lost, the stack must be nonvolatile. 


Index Register — ‘The index register is a two byte register 
that is used to store data or a sixteen bit memory address for 
the Indexed mode of memory addressing. 


Accumulators. — The MPU contains two 8-bit ac- 
cumulators that are used to hold operands and results from 
an arithmetic logic unit (ALU). 


Condition Code Register — The condition code register in- 
dicates the results of an Arithmetic Logic Unit operation: 
Negative (N), Zero (Z), Overflow (V), Carry from bit 7 (C), 
and half carry from bit 3 (H). These bits of the Condition 
Code Register are used as testable conditions for the condi- 
tional branch instructions. Bit 4 is the interrupt mask bit (I). 
The unused bits of the Condition Code Register (b6 and b7) 
are ones. 


FIGURE 14 — PROGRAMMING MODEL OF 
THE MICROPROCESSING UNIT .. 
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MPU INSTRUCTION SET. 


The MC6800 instructions are described in detail in the 
M6800 Programming Manual. This Section will provide a 
brief introduction and discuss their use in developing 
MC6800 control programs. The MC6800 has a set of 72 dif- 
ferent executable source instructions. Included are binary 
and decimal arithmetic, logical, shift, rotate, load, store, 
conditional or unconditional branch, interrupt and stack 
manipulation instructions. 

Each of the 72 executable instructions of the source 
language assembles into 1 to 3 bytes of machine code. The 
number of bytes depends on the particular instruction and 
on the addressing mode. (The addressing modes which are 
available for use with the various executive instructions are 
discussed later.) 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 72 
instructions in all valid modes of addressing, are shown in 
Table 1. There are 197 valid machine codes, 59 of the 256 
possible codes being unassigned. 


When an instruction translates into two or three bytes of 
code, the second byte, or the second and third bytes con- 
tain(s) an operand, an address, or information from which an 
address is obtained during execution. 

Microprocessor instructions are often divided into three 
general classifications: (1) memory reference, so called 
because they operate on specific memory locations; (2) 
operating instructions that function without needing a 
memory reference; (3) !/O instructions for transferring data 
between the microprocessor and peripheral devices. 

In many instances, the MC6800 performs the same opera- 
tion on both its internal accumulators and the external 
memory locations. In addition, the MC6800 interface 
adapters (PIA and ACIA) allow the MPU to treat peripheral 
devices exactly like other memory locations, hence, no |/O 
instructions as such are required. Because of these features, 
other classifications are more suitable for introducing the 
MC6800’s instruction set: (1) Accumulator and memory 
operations; (2) Program control operations; (3) Condition: 
Code Register operations. 


TABLE 1 — HEXADECIMAL VALUES OF MACHINE CODES 


rPrPrrr rrr YFP>yY 


D> FOP FYYryYrr PY 


PPrPrrrrrrp YF YPyY 


B 
B 
B 
B 
8 
8 
B 
B 
B 
8 


>>Prrrrrr PYr>y 


>>> Pr Prrrp pYPPp 





B 
B 
B 
B 
B 
8 Notes: 1. Addressing Modes: 
B A = Accumulator A 
B B = Accumulator B 
8 REL = Relative 
B IND = Indexed 
IMM == Immediate 
DIR = = Direct 


2. Unassigned code indicated by 44 #*!', 
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TABLE 2 — ACCUMULATOR AND MEMORY OPERATIONS 





































































































. ADDRESSING MOOES BOOLEAN/ARITHMETIC OPERATION COND. CODE REG. 
ee IMMED DIRECT INDEX EXTND : (All register labels 
OPERATIONS MNEMONIC op ~ =|) meres 
Add ‘ = ADDA 8B 2 2/98 3 2/48 5 2] 8B 4 3 ; A+M -A ‘ fyeytythiye: 
ADDB cB 2 #21 0DB 2 (EB 2(FB 4 3 B+M -B tredryrtitt 
Add Acmltrs : ‘ABA : Aloe: . 1B 2. 1 | A+B A : ei tpyeyt it] tery. 
Add with Carry ~ADCA 89 2 2/99-3 2/A9 5 2/89 4 3 A+M+C -A Thejtrtytyty.. 
ADCB co 2 2/09 3 2;€8 5 2)F9 4 3 B+M+C -8 trejt}tyt}t 
And ANDA 84 2° 2/94 3 2)A4 5 2/184 4 3 A-M-°A e@ejeiti tire] 
‘ -. ANOB C4 2° 2/04 3 + 2)/64.5 2/]F4 4 3 B°M +B e@jeit|t[ Rie 
Bit Test _ BITA 85 2.2195. 3 2)A5 5 2/85 4 3 A°M @ejelt|iiRie 
: BITB cs 2 2705 3 2/6 5 2/F5 4 3 B-M efejr/ trie 
Clear : “cer : ‘6F 7 2) 7F 6 3 00 -M elejR|s]R/R 
aan CLRA Z uiaere se bs . 4F 2 1 00 -A @LOTR/SIRIR 
: CLRB 5F 2 1 | 00 °B efelR|s|R|R 
Compare CMPA 812 2)391 3 2)At 5 2) BI 4 3 ‘ A M- e@ejelrit{t}t 
: + “CMPB Ch 2 2/01 *3 2)6€1 5 2/FI 4 3 B-M e@yjelt}tytyt 
Compare Acmitrs CBA : 1 2 TT A-B e@jeriy ty) ty? 
Complement, 1's com | 63 7 2773 6 3 wom elejtyt} Ris]: 
COMA i 43 2°41 Aa elelt ti Ris 
coms be? { . 53 2 41 BB e@ejeyi PtP Rys: 
Complement, 2's NEG - 160 7 2/70 6.3 ; 00. M>M elelt | O@ 
(Negate} NEGA. ‘ ; 40 2 1] 00-A-A efelt] tO@ 
NEGB {50 2 1] 00:B °B ele t] HO@ 
Decimal Adjust, A: : DAA ‘ 19 2 1°] Converts Binary Add. of BCD Characters’ |@|@}t] ft} tl@ 
into BCD Format 
Decrement DEC ; 6A 7 2/7A 6 3 M- 1M eleltit]4le 
DECA 4A 2 1 Av 1leA e@reltiti4ie 
DECB “ . - 5A 2 1 B-1°B e@ejelt ti 4se 
Exclusive OR EORA 88 2 2/98 3 2) A8 5§ 4 3 -"| A@M +A eleltitirie 
EORB c8 2 2/08 3 2] €8 4 3 BOM -*B eleltitirie 
Increment INC 6C 6 3 M+1 oM elelt | tle 
INCA 40 2 1] AHT-A elelt|/t@e 
INCB 5c 2 1] B+1 -B elelt|ti@le 
Load Acmitr LDAA 86 2 2; 96 3 2], AG 5 4 3 MerA e@elelt|t/ Rie 
LOAB c6é 2 2/06 3 2) €6 § “4 3 M °B elelt|t| Rie 
Or, Inclusive ORAA 8A 2 2/98. 3 2/AA 5 4 3 A+M +A @le;ti/ ti Rie 
ORAB CA 2 2/0A .3 2;EA § 4 3 . | BtMerB ejelti i} Rie 
Push Data PSHA 36 4 1 | A +Mgp, SP - 1 -+SP elelele|eje 
PSHB 37, 4 =1 | B *Mgp,SP-1 SP elelele ° 
Pull Data PULA 324 #1 SP+1 -SP, Msp -A elelelelele 
d * PULB : : 33° 4 «1 | SP+1--SP,Mgp -B elelelel/ele 
Rotate Left ROL 69 7 6 3 M elest}1i@yt 
ROLA 4921 *} Co gem elest|t1@t 
ROLB 59 2 1/8 c b7 — b0 elelt/tl@t 
Rotate Right ROR 66 7 6 3 | 3 ejel1/t1@t 
RORA a 2 1}a$ Co ~ oom] ejejt)ti@t 
RORB 56 2 1/ eB) © 67 — b0 efelt)1|@t 
Shift Lett, Arithmetic ASL : 68 7 6 3 | = efe/t|t1@t 
ASLA 48 2 1.) A oO ~ GooTo-90 ejeit | tet 
ASLB : 6 2 118 c b7 bo olelt|/ tit 
Shift Right, Arithmetic ASR 6/ 7 6 3 {Mm ni efol1\11@\t 
ASRA : 47. 2°41 *| Casey ~ 9 elelt|ti@t 
ASRB 57 2 Vr} B b7 bO c elelti tet 
Shift Right, Logic LSR 64 7 6 3 M as elelR| ti) t 
LSRA 442 11 A ¢0~-CIdD) - Oo elelR| tet 
LSRB - [542 4/8 b7 be elelrit(@t 
Store Acmitr. STAA 97 4 2) A? 6 § 3 A-M ele;tit) Rie 
STAB O7 4 2) &7 6 §"° 3 / BM elerti/ ti rie 
Subtract SUBA 80 2 2/90 3 2/)/A0 5 4 3 A-M<A e@je;t }t) ty? 
SuBB co 2 2)00 3 2);€&0 5 4° 3 B-M~B @le;t; ty tyt 
Subtract Acmitrs. SBA 10 2 1) A- BA eleltit|t|4 
Subtr. with Carry SBCA 82 2 2] 92 3 2/A2 5 3 ‘ A-M-C-+A @jert( ty iy t 
SBCB C2 2 2/02 3 2) €2 5 4. 3 B-M-C--B e@yeit ty) ty t 
Transfer Acmltrs TAB 16 2 tia -B eje;t| Tt) Rie 
TBA 72 4 4..) BA ejelti[ trie 
Test, Zero or Minus TST 7 60 7 6. 3 “1 M-00 @lelt] ti RR 
TSTA ” he 40 2 1 A. 00 elelt|/t}R{R 
TSTB {a2 2 1 8 - 00 eleii)/t) Ri R 
: : H 
LEGEND: CONDITION CODE SYMBOLS: . CONDITION CODE REGISTER NOTES: 
OP — Operation Code (Hexadecimal); i ‘ (Bit set it test is true and cleared otherwise) 
. sla asra a fe ee 1" (Bit V) Test: Result = 100000007 
GS geo Cree eee hs 2. (BitC) Test: Result = 00000000? 
sithmetic Plus; N Negative (sign: bit} . a ae 
~ Arithmetic Minus; 2 Zero (byte) 3 {Bit C) Test: Decimal value of ‘most significant BCD 
Boolean AND; V____ Overflow, 2’s complement Character greater than nine? 
Msp Contents of memory location pointed to be Stack Pointer: C .. Carry.from bit 7 an : ., {Not cleared if previously set.) 
+ Boolean Inclusive OR; R_— Reset Always 4 {Bit V}- Test: Operand.= 10000000 prior to execution? 
© _ Boolean Exclusive OR; S - : Set Always 5° (Bit V) -. Test: Operand = 01111111 prior to execution? 
M Complement of M; t Test and set if true, cleared otherwise 6 (Bit V) © Test: Set equal to result of N@C after shift has occurred. 
> — Transfer Into; e Not Affected : 
0 Bit = Zero; ; 
00 = Byte = Zero; 


Note — Accumulator addressing mode instructions are included in the column for IMPLIED addressing 
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PROGRAM CONTROL OPERATIONS 


Program Control operation.can be subdivided into two 
categories: (1) Index Register/ Stack Pointer instructions; (2) 
Jump and Branch operations. 


Index Register/Stack Pointer Operations 

The instructions for direct operation on the MPU’s Index 
Register and Stack Pointer are summarized in Table 3. 
Decrement (DEX, DES), increment (INX, INS), load (LDX, 
LDS), and store (STX, STS) instructions are provided for 
both. The Compare instruction, CPX, can be used to com- 
pare the Index Register to.a 16-bit value and update the Con- 
dition Code Register accordingly. 

The TSX instruction causes the Index Register to be load- 
ed with the address of the last data byte put onto the 
“stack.” The TXS instruction loads the Stack Pointer with a 
value equal to one less than the current contents of the Index 
Register. This causes the next byte to be pulled from the 
“stack’’ to come from the location indicated by the Index 
Register. The utility of these two instructions can be clarified 
by describing the “‘stack’’ concept relative to the M6800 
system. 

The “‘stack’’ can be thought of as a sequential list of data 


stored in the MPU’s read/write memory. The Stack Pointer — 


contains a 16-bit memory address that is used to access the 
list from one end on a last-in-first-out (LIFO) basis in contrast 
to the random access mode used by the MPU’s other ad- 
dressing modes. 

The MC6800 instruction set and interrupt structure allow 
extensive use of the stack concept for efficient handling of 
data movement, subroutines and interrupts. The instructions 
can be used to establish one or more ‘‘stacks’’ anywhere in 
read/write memory. Stack length is limited only by the 
amount of memory that is made available. 

Operation of the Stack Pointer with the Push and Pull in- 
structions is illustrated in Figures 15 and 16. The Push in- 
struction (PSHA) causes the contents of the indicated ac- 
cumulator (A in this example) to.be stored in memory at the 
location indicated by the Stack Pointer. The Stack Pointer is 
automatically decremented by one following the storage 
operation and is ‘‘pointing” to the next empty stack location. 
The Pull instruction (PULA or PULB) causes the last byte 
Stacked to be loaded into the appropriate accumulator. The 


TABLE 3 — INDEX REGISTER AND STACK POINTER INSTRUCTIONS 


POINTER OPERATIONS MNEMONIC 


Compare Index Reg cPx 
Decrement Index Reg DEX 
Decrement Stack Pntr DES 
Increment Index Reg INX 


Increment Stack Pntr INS 
Load Index Reg _ _ LOX 
Load Stack Pntr LOS 
Store Index Reg STX 
Store Stack Pntr STS 
Indx Reg Stack Pntr ~ TXs 
Stack Pntr -> Indx Reg TSX 





@ (Bit N) Test: Sign bit of most significant (MS) byte of result = 1? 
8 (Bit V) Test: 2's compiement overflow from subtraction of ms bytes? 


(Bit N)} Test: Result less than zero? (Bit 15 = 1) 





Stack Pointer is automatically incremented by one just prior 
to the data transfer so that it will point to the last byte stack- 
ed rather than the next empty location. Note that the PULL 
instruction does not “remove” the data from memory; in the 
example, 1A is still in location (m+ 1) following execution of 


‘PULA. A subsequent PUSH instruction would overwrite that: 


location with the new ‘’pushed’’ data. 

Execution of the Branch to Subroutine (BSR) and Jump to 
Subroutine (JSR) instructions cause a return address to be 
saved on the stack as shown in Figures 18 through 20. The 


‘stack is decremented after each byte of the return address is 


pushed onto the stack. For both of these instructions, the 
return address is the memory location following the bytes of 
code that correspond to the BSR and JSR instruction. The 
code required for BSR or JSR may be either two or three 
bytes, depending on whether the JSR is in the indexed (two 
bytes) or the extended (three bytes) addressing mode. 
Before it is stacked, the Program Counter is automatically in- 
cremented the correct number of times to be pointing at the 
location of the next instruction. The Return from Subroutine 
Instruction, RTS, causes the return address to be retrieved 
and loaded into the Program Counter as shown in Figure 21. 

There are several operations that cause the status of the 
MPU to be saved on the stack. The Software Interrupt (SWI) 
and Wait for Interrupt (WAI) instructions as well as the 
maskable (IRQ) and non-maskable (NMI) hardware inter- 
rupts all cause the MPU’s internal registers (except for the 
Stack Pointer itself) to be stacked as shown in Figure 23. 
MPU status is restored by the Return from Interrupt, RTI, as 
shown in Figure 22. 


Jump and Branch Operation 

The Jump and Branch instructions are summarized in 
Table 4. These instructions are used to control the transfer or 
operation from one point to another in the control program. 

The No Operation instruction, NOP, while included here, 
is a jump operation in a very limited sense. Its only effect is to 
increment ‘the Program Counter by one. It is useful during 
program development as a “stand-in” for some other in- 
struction that is to be determined during debug. It is also us- 
ed for equalizing the execution time through alternate paths 
in a control program. 


COND. CODE REG. 


SP —1—SP | 
X+#1>X 
SP+1—>SP- 

M=> XH (M41) > Xp 
MSP, (M+ 1) > SPE 
XH>M, Xp > (M+ 1} 
SPy > M, SP_ > (M +1) 
X-1->SP 
SP+1>X 
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FIGURE 15 — STACK OPERATION, PUSH INSTRUCTION 
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FIGURE 16 — STACK OPERATION, PULL INSTRUCTION 
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TABLE 4 — JUMP AND BRANCH INSTRUCTIONS 


[recarive | woex | extwo | wwrLie0_] 
wuewonre [0] ~[#] 0°] ~| #[0r] ~[ #] or] ~ [| 





OPERATIONS 


Branch Always 
Branch If Carry Clear 
Branch If Carry Set 
Branch If = Zero 

Branch If > Zero 

Branch If > Zero 

Branch If Higher 

Branch If < Zero 

Branch If Lower Or Same 
Branch If < Zero 

Branch If Minus 

Branch If Not Equal Zero 
Branch If Overflow Clear 
Branch If Overflow Set 
Branch If Plus 

Branch To Subroutine 
Jump 

Jump To Subroutine 

No Operation 

Return From tnterrupt 
Return From Subroutine 
Software Interrupt 
Wait for Interrupt * 
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*WAI puts Address Bus, RAW, and Data Bus in the three-state mode while VMA is held low. 
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See Special Operations 










Advances Prog. Cntr. Only 


See Special Operations 


Load Condition Code Register from Stack. (See Special Operations) 


@ (Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt 


is required to exit the wait state. 


Execution of the Jump Instruction, JMP, and Branch 
Always, BRA, affects program flow as shown in Figure 17. 
When the MPU encounters the Jump (Indexed) instruction, 
it adds the offset to the value in the Index Register and uses 
the result as the address of the next instruction to be ex- 
ecuted. In the extended addressing mode, the address of the 
next instruction to be executed is fetched from the two loca- 
~ tions immediately following the JMP instruction. The Branch 
Always (BRA).instruction is similar to the JMP (extended) in- 
struction except that the relative addressing mode applies 
and the branch is limited to the range within — 125 or.+ 127 
bytes of the branch instruction itself. The opcode for the 
_ BRA instruction requires one less byte than JMP (extended) 
but takes one more cycle to execute. 

The effect on program flow for the Jump to Subroutine 
(JSR) and.Branch to Subroutine (BSR) is shown in Figures 
18 through 20. Note that the Program Counter is properly in- 
cremented to be pointing at the correct return address 
before it is stacked. Operation of the. Branch to Subroutine 
and Jump to Subroutine (extended) instruction is similar ex- 
cept for the range. The BSR instruction requires less opcode 
than JSR (2 bytes versus 3 bytes) and also executes one cy- 


cle faster than JSR. The Return from Subroutine, RTS, is 
used as the end of a subroutine to return to the main pro- 
gram as indicated in Figure 21. 
The effect of executing the Software Interrupt, SWI, and 
the Wait for Interrupt, WAI, and their relationship to the 
‘hardware interrupts is shown in Figure 22. SWI! causes the 
MPU contents to be stacked and then fetches the starting 
address of the interrupt routine from the memory locations 
that respond to the addresses FFFA and FFFB. Note that as 
in the case of the subroutine instructions, the Program 
Counter is incremented to point at the correct return address 
~~ before being stacked. The Return from Interrupt instruction, 
RT!, (Figure 22) is used at the end of an interrupt routine to 
restore control to the main program. The SWI instruction is 
useful for inserting break points in the control program, that 
is, it can be used to stop operation and put the MPU 
registers in memory where they can be examined. The WAI 
instruction is used to decrease the time required to service a 
hardware interrupt; it stacks the MPU contents and then 
waits for the interrupt to occur, effectively removing the 
stacking time from a hardware interrupt sequence. 


FIGURE 17 — PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS 


Pc Main Program 
n | 6E=JMP 
K=Offset 


X+K | Next Instruction 


INDXD 


(a) Jump 





Main Program 


Next Instruction 


Main Program 


n 2¢=BRA 
n+1 K = Offset® 


e 
e 
e 






(n+2)4K Next Instruction 


°K = Signed 7-bit value 
(b) Branch 


MOTOROLA MICROPROCESSOR DATA 





MC6800 


. FIGURE 18 — PROGRAM FLOW. FOR BSR 
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FIGURE 19 — PROGRAM FLOW FOR JSR (EXTENDED) FIGURE 20 — PROGRAM FLOW FOR JSR (INDEXED) 
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FIGURE 21 — PROGRAM FLOW FOR RTS 
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FIGURE 22 — PROGRAM FLOW FOR RTI 
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FIGURE 23 — PROGRAM FLOW FOR INTERRUPTS 
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FIGURE 24 — CONDITIONAL BRANCH INSTRUCTIONS 


BMI : N=1; BEQO : Z=1; 
BPL : N=¢ ; BNE : Z=¢; 
BVC : v=o; BCC : C=¢ ; 
BYVS : Vel; secs : c=1 
BHI : C+Z=¢ ; BLT : N@V=1 ; 
BLS : C+Z=1; BGE : N@®V=¢ ; 
BLE : Z+(N@®V)=1 ; 
BGT: Z+(N@®V)=¢ ; 


The conditional branch instructions, Figure 24, consists of 
seven pairs of complementary instructions. They are used to 
test the results of the preceding operation and either con- 
tinue with the next instruction in sequence (test fails) or 
cause a branch to another point in the program (test suc- 
ceeds). 

Four of the pairs are used for simple tests of status bits N, 
Z, V, and C: 

1. Branch on Minus (BMI) and Branch On Pius (BPL) tests 
the sign bit, N, to determine if the previous result was 
negative or positive, respectively. 

2. Branch On Equal (BEQ) and Branch On Not Equal 
(BNE) are used to test the zero status bit, Z, to determine 
whether or not the result of the previous operation was equal 
to zero. These two instructions are useful following a Com- 
pare (CMP) instruction to test for equality between an ac- 
cumulator and the operand. They are also used following the 
Bit Test (BIT) to determine whether or not the same bit posi- 
tions are set in an accumulator and the operand. 

3. Branch On Overflow Clear (BVC) and Branch On 
Overflow Set (BVS) tests the state of the V bit to determine 
if the previous operation caused an arithmetic overflow. 

4. Branch On Carry Clear (BCC) and Branch On Carry Set 
(BCS) tests the state of the C bit to determine if the previous 
operation caused a carry to occur. BCC and BCS are useful 


for testing relative magnitude when the values being tested 
are regarded as unsigned binary numbers, that is, the values 
are in the range 00 (lowest) to FF (highest). BCC following a 
comparison (CMP) will cause a branch if the (unsigned) 
value in the accumulator is higher than or the same as the 
value of the operand. Conversely, BCS will cause a branch if 
the accumulator value is lower than the operand. 

The fifth complementary pair, Branch On Higher (BHI) and 
Branch On Lower or Same (BLS) are, in a sense, com- 
plements to BCC and BCS. BHI tests for both C and Z=0,; if 
used following a CMP, it will cause a branch if the value in 


_ the accumulator is higher than the operand. Conversely, 


BLS will cause a branch if the unsigned binary value in the 
accumulator is lower than or the same as the operand. 

The remaining two pairs are useful in testing results of 
operations in which the values are regarded as signed two's 
complement numbers. This differs from the unsigned binary 
case in the following sense: in unsigned, the orientation is 
higher or lower; in signed two’s complement, the com- 
parison is between larger or smaller where the range of 
values is between ~ 128 and + 127. 

Branch On Less Than Zero (BLT) and Branch On Greater 
Than Or Equal Zero (BGE) test the status bits for NeV=1 
and Ne V=0, respectively. BLT will always cause a branch 
following an operation in which two negative numbers were 
added. In addition, it will cause a branch following.a CMP in 
which the value in the accumulator was negative and the 
operand was positive. BLT will never cause a branch follow- 
ing a CMP in which the accumulator value was positive and 
the operand negative. BGE, the complement to BLT, will 
cause.a branch following operations in which two positive 
values were added or in which the result was zero. 

The last pair, Branch On Less Than Or Equal Zero (BLE) 
and Branch On Greater Than Zero (BGT) test the status bits 
for Z@(N+V)=1 and Z@(N+V)=0, respectively. The ac- 
tion of BLE is identical to that for BLT except that a branch 
will also occur if the result of the previous result was zero. 
Conversely, BGT is similar to BGE except that no branch will 
occur following a zero result. 


CONDITION CODE REGISTER 
OPERATIONS 


The Condition Code Register (CCR) is a 6-bit register 
within the MPU that is useful in controlling program flow 
during system operation.. The bits are defined in Figure 25. 

The instructions shown in Table 5 are available to the user 
for direct manipulation of the CCR. 

A CLI-WAI instruction sequence operated properly, with 
early MC6800 processors, only if the preceding instruction 
was odd (Least Significant Bit = 1). Similarly it was advisable 


to precede any SEI instruction with an odd opcode — such 
as NOP. These precautions are not necessary for MC6800 
processors indicating manufacture in November 1977 or 
later. 

Systems which require an interrupt window to be opened 
under program control should use a CLI-NOP-SE1 sequence 
rather than CLI-SEl. 
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FIGURE 25 — CONDITION CODE REGISTER BIT DEFINITION 
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H = Half-carry; set whenever a carry from b3 to bq of the result is generated 
by ADD, ABA, ADC; cleared if no b3 to bg carry; not affected by other 
instructions. — 

I) = interrupt Mask; set by hardware or software interrupt or SE! instruction; 
cleared by CLI instruction. (Normally not used in arithmetic operations.) 
Restored to a zero.as a result of an RT1 instruction if Imm stored on the 
stacked is low. 

N = Negative; set if high order bit (b7) of result is set; cleared otherwise. 

‘Z = Zero; set if resuit = 0; cleared otherwise. 

Ve Overlow; set if there was arithmetic overflow as.a result of the operation; 
cleared otherwise. 

C = Carry; set if there was a carry from the most significant bit (b7) of the 
result; cleared otherwise. 

TABLE 5.— CONDITION CODE REGISTER INSTRUCTIONS 
COND. CODE REG. 
[_iMPLiED | 5 

OPERATIONS mnemonic | op | ~ | =| BOOLEAN OPERATION | H 

Clear Carry cic’ Joc] 2 oc e 

Clear interrupt Mask 0-1 ° 

Clear Overflow 0-V e 

Set Carry 1-C e 
Set Interrupt Mask “11 e 
Set Overflow ° 
Acmitr A> CCR 

CCR > Acmitr A e 









R = Reset 
S = Set 
@ = Not affected 


@ (ALL) Set according to the contents 














of Accumulator A. 


ADDRESSING MODES 


The MPU operates on 8-bit binary numbers presented 
to it via the data bus. A given number (byte) may rep- 


resent either data or an instruction to be executed, de- | 


pending on where it is encountered in the control program. 
The M6800 has 72 unique instructions; however, it rec- 
ognizes and takes action on 197 of the 256 possibilities 
that can occur using an 8-bit word length. This larger 
number of instructions results from the fact that many of 
the executive instructions have more than one address- 
ing mode. 

These addressing modes refer to the manner in which 
the program causes the MPU to obtain its instructions 
and data. The programmer must have a method for ad- 
dressing the MPU’s internal registers and all of the ex- 
ternal memory locations. 

Selection of the desired addressing mode is made by 
the user as the source statements are written. Translation 


into appropriate opcode then depends on the method 
used. If manual translation is used, the addressing mode 
is inherent in the opcode. For example, the immediate, 
direct, indexed, and extended. modes. may all be used 
with the ADD instruction. The proper mode is determined 
by selecting (hexadecimal notation) 8B, 9B, AB, or BB, 
respectively. 

The source statement format includes adequate infor- 
mation for the selection if an assembler program is used 
to generate the opcode. For instance, the immediate mode 
is selected by the assembler whenever it encounters the 
“#"" symbol in the operand field. Similarly, an ““X” in the 
operand field causes the indexed mode to be selected. 
Only the relative mode applies to the branch instructions; 
therefore, the mnemonic instruction itself is enough for 
the assemble to determine addressing mode. 
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For the instructions. that use both Direct and Extended 
modes, the Assembier selects the Direct mode if the operand 
value is in the range 0-255 and Extended otherwise. There 
are a number of instructions for which the Extended mode is 
_ valid but the Direct is not. For these instructions, the 
Assembler automatically selects the Extended mode even if 
the operand is in the 0-255 range. The addressing modes are 
summarized in Figure 26. 


Inherent (Includes “Accumulator Addressing” Mode) 


The, successive fields in.a statement are normally 
separated by one or more spaces. An exception to this rule 
occurs: for instructions that use dual addressing in the 
operand field and for instructions that must. distinguish be- 
tween the two accumulators. In these cases, A and B are 


“operands” but the space between them and the operator 
may be omitted. This is commonly done, resulting in ap- 
parent four character mnemonics for those instructions. 

The addition instruction, ADD, provides an example of 
dual addressing in the operand field: 


Operator Operand Comment 4 
ADDA MEM12 ADD CONTENTS OF MEM12 TO ACCA © 
or . 
ADDB MEM12 ADD CONTENTS OF MEM12 TO ACCB. 


The example used earlier for. the test instruction, TST, also 
applies to the accumulators and uses the ‘accumulator ad- 
dressing mode” to designate which of the two accumulators 
is being tested: 


_ FIGURE 26 — ADDRESSING MODE SUMMARY 


Direct: , ; n DO Instruction 
Example: SUBB Z 

Addr. Range = 0—255 nt+1 2 = Oprnd Address 
a vs 






e i 


Y » me OR 
Ky = Operand 
*~ Ky = Operand © 


Z\ \f Z<255, Assembler Select Direct Mode 
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Apa et gy ee on ZH = Oprnd Address 
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nt+2 Z,= 
256—65535 tL = Oprnd Address 
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Ky = Operand 
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(K = Two-Byte Oprnd) z 








Immediate: : n 







Example: LDAA #K nf 
(K = One-Byte Oprnd) 


«= Operand 


; OR : 







(K = Two-Byte Oprnd)° n 
(CPX, LDX, and LDS) 









i tK = Brnch Offset 
e 


Relative: © ; n 


Example: BNE K ati 


Addr. Range: 
—125 to +129 
Relative to n. 


‘Next Instr. A 


aA If Brnch Tst False, A If Bench Tst True. 


(n +2) £K 


Indexed: n 
Example: ADDA Z, X n+1 
Addr. Range: n+2 


0-255 Relative to 
index Register, X 


(2 = 8-Bit Unsigned x +Z 


Value) ir eeerene 
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Operator Comment 
TSTB TEST CONTENTS OF ACCB 
or 
TSTA TEST CONTENTS OF ACCA 


A number of the instructions either alone or together with 
an accumulator operand contain all of the address informa- 
tion. that is required, that is, ‘inherent’ in the instruction 
itself. For instance, the instruction ABA causes the MPU to 
add the contents of accmulators A and B together and place 
the result in accumulator A. The instruction INCB, another 
example of ‘‘accumulator addressing,’” causes the contents 
of accumulator B to be increased by one. Similarly, INX, in- 
crement the Index Register, causes the contents of the Index 
Register to be increased by one. 

Program flow for instructions of this type is illustrated in 
Figures 27 and 28. In these figures, the general case is shown 
on the left and a specific example is shown on the right. 
Numerical examples are in decimal! notation. Instructions of 
this type require only one byte of opcode. Cycle-by-cycle 
operation of the inherent mode is shown in Table 6. 


Immediate Addressing Mode — In the Immediate address- 
ing mode, the operand is the value that is to be operated on. 
For instance, the instruction 


Operator Operand 
LDAA #25 


Comment 
LOAD 25 INTO ACCA 


causes the MPU to “immediately load accumulator A with 
the value 25’; no further address reference is required. The 
Immediate mode is selected by preceding the operand value 
with the “#’’ symbol. Program flow for this addressing mode 
is illustrated in Figure 29. 

The operand format allows either properly defined sym- 
bols or numerical values. Except for the instructions CPX, 
LDX, and LDS, the operand may be any value in the range 0 
to 255. Since Compare index Register (CPX), Load Index 
Register (LDX), and Load Stack Pointer (LDS), require 16-bit 
values, the immediate mode for these three instructions re- 
quire two-byte operands. In the Immediate addressing 


FIGURE 27 — INHERENT ADDRESSING 
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GENERAL FLOW EXAMPLE 


mode, the “address” of the operand. is: effectively the 
memory location immediately following the instruction itself. 
Table 7 shows the cycle-by-cycle operation for the im- 
mediate addressing mode. 


Direct and Extended Addressing Modes — In the Direct 
and Extended: modes of addressing, the operand field of the 
source statement. is the address of the value that is to be 
operated on. The Direct and Extended modes differ only in 
the range of memory locations to which they can direct the 
MPU. Direct. addressing generates a. single 8-bit operand 
and, hence, can address only memory locations 0 through 
255; a two byte operand is generated for Extended address- 
ing, enabling the. MPU to reach the remaining memory loca- 
tions, 256 through 65535. An example of Direct addressing 
and its effect on program flow is illustrated in Figure 30. 

The MPU, after encountering the opcode for the instruc- 
tion LDAA (Direct) at memory location 5004 (Program 
Counter = 5004), looks in the next location, 5005, for the ad- 
Gress of the operand. !t then sets the program counter equal 
to the value found there (100 in the example) and fetches the 
operand, in this case a value to be loaded into accumulator 
A, from that location. For instructions requiring a two-byte 
operand such as LDX (Load the Index Register), the operand 
bytes would be retrieved from locations 100 and 101. Table 8 
shows the cycle-by-cycle operation for the direct mode of 
addressing. 

Extended addressing, Figure 31, is similar except that a 
two-byte address is obtained from locations 5007 and 5008 
after the LDAB (Extended) opcode shows up in location 
5006. Extended addressing can be thought of as the ‘’stan- 
dard’ addressing mode, that is, it is a method of reaching 
any place in memory. Direct addressing, since only one ad- 
dress byte is required, provides a faster method of process- 
ing data. and generates fewer bytes of control code. In most 
applications, the direct addressing range, memory locations 
0-255, are reserved for RAM. They are used for data buffer- 
ing and temporary storage of system variables, the area in 
which faster addressing is of most value. Cycle-by-cycle 
operation is shown in Table 9 for Extended Addressing. 


FIGURE 28 — ACCUMULATOR ADDRESSING 
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Relative Address Mode — In both the Direct and Extended 
modes, the address obtained by the MPU is an absolute 
numerical address: The Relative addressing mode, im- 
plemented for the MPU’s branch instructions, specifies a 
memory location relative to the Program Counter’s current 
location. Branch instructions generate two bytes of machine 
code, one for the instruction opcode and one for the 
“telative’’ address (see Figure 32). Since it is desirable to be 
able to branch in either direction, the 8-bit address byte is in- 
terpreted as a signed 7-bit value; the 8th bit of the operand is 
treated as a sign bit, ‘’0’’=plus and ‘’1’’=minus. The re- 
maining seven bits represent. the numerical value. This 
results in a relative addressing range of + 127 with respect to 

‘the location of the branch instruction itself. However, the 
branch range is computed with respect to the next instruc- 
tion that would be executed if the branch conditions are not 
satisfied. Since two bytes are generated, the next instruction 
is located at PC +2. If D is defined as the address of the 
branch destination, the’ range is then: 

(PC +2)—127sDs(PC+2)+127 
or 

PC—125sD=PC+ 129 

that is, the destination of the branch instruction must be 

within — 125 to +129 memory locations of the branch in- 
struction itself. For transferring control beyond this range, 


the unconditional jump (JMP), jump to subroutine (JSR), 


"and return from subroutine (RTS) are used. 


in Figure 32, when.the MPU encounters the opcode for 
BEQ (Branch if result of last instruction was zero), it tests the 
Zero bit in the Condition Code Register. If that bit is ‘’0,’’ in- 
dicating a non-zero result, the MPU continues execution 
with the next instruction (in location 5010 in Figure 32}. If the 
previous result was zero, the branch condition is satisfied 
and the MPU adds the offset, 15 in this case, to PC +2 and 
branches to location 5025 for the next instruction. 

The branch instructions allow the programmer to efficient- 
ly direct the MPU to one point or another in the control pro- 
gram depending on the outcome of test results. Since the 
control program is normally in read-only memory and cannot 
be changed, the relative address used in execution of branch 


‘instructions is a constant numerical value. Cycle-by-cycle 


operation is shown in Table 10 for relative addressing. 


Indexed Addressing Mode — With indexed addressing, 
the numerical address is variable and depends on the current 
contents of the Index Register. A source statement such as 


Operator Operand 
STAA Xx 


Comment 
PUT A IN INDEXED LOCATION 


causes the MPU to store the contents of accumulator A in 


TABLE 6 — INHERENT MODE CYCLE-BY-CYCLE OPERATION 


Address Mode Cycle] VMA 
and Instructions # | Line Address Bus Dats Bus ; 





Op Code Address 
Op Code Address + 1 


Op Code Address 
Op Code Address + 1 


Previous Register Contents 


New Register Contents 
Op Code Address 
Op Code Address + 1 


Stack Pointer 


Stack Pointer — 1 


Stack Pointer 


1 
1 
0 
1 


Op Code Address 
Op.Code Address + 1 


Stack Pointer + 1 


Op Code Address 
Op Code Address + 1 


Stack Pointer : 


New Index Register 
Op Code Address 
Op Code Address + 1 


Index. Register 


New Stack Pointer 
Op Code Address 
Op Code Address + 1 


Stack Pointer 


Stack Pointer + 1 


Stack Pointer + 2 


Op Code 
Op Code of Next Instruction 


Op Code 
Op Code of Next Instruction 
trrelevant Data (Note 1) 
irrelevant Data (Note 1) 
Op Code 
Op Code of Next Instruction 
Accumulator Data 
Accumutator. Data 
Op Code : 
Op Code of Next Instruction 
Irrelevant Data (Note) - 
Operand Data from Stack 
Op Code 
Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant. Data (Note 1) 
Op Code ; 
- Op Code of Next instruction 
Irrelevant Data 
Irrelevant Data 
Op Code ; . 
Irretevant Data (Note 2) 
“Irrelevant Data (Note 1) 


Address of Next Instruction (High 
Order Byte) 


Address of Next Instruction (Low 
Order Byte) 
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INHERENT mere eter ere OPERATION (CONTINUED) ~~ 


Adie Bus 


Op Code Address 


Op Code Address + 1 


Stack Pointer 

Stack Pointer —1 
Stack. Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Op Code Address 


Op Code Address + 1 


Stack Pointer 
Stack Pointer + 1 


Stack Pointer, + 2 
Stack Pointer + 3 
Stack Pointer + 4 


Stack Pointer + 5 


Stack Pointer + 6 


Stack Pointer + 7 


Op Code Address - 
Op Code Address + 1 


Stack Pointer 
Stack Pointer — 1 


(Note 3) 


BS eOnaneaown = 
PS on ee ee eee ee ey 


= 
N 
_ 


Stack Pointer — 
Stack Pointer — 
Stack Pointer — 
Stack Pointer — 5 
Stack Pointer — 
Stack Pointer — 7 . 
Vector Address FFFA (Hex) 


2 
3 
4 


6 


Vector Address FFFB (Hex) 


Data Bus 


‘Op Code : 

Op Code of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) . _ 
Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B - 

Contents of Cond. Code Register 

Op Code 

Irrelevant Data ‘(Note 2) 

Irrelevant Data (Note 1) 


Contents of Cond. Code Register: from 
Stack 


Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 


Index Register from Stack (High Order 
Byte) 


Index Register from Stack (Low Order 
Byte) 


Next Instruction Address from Stack 
(High Order Byte) 


Next Instruction Address from Stack 
(Low Order Byte) 


.Op Code 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order. Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Irrelevant Data (Note 1) 


Address of Subroutine (High Order | 
Byte) 


Address of Subroutine (Low Order 
Byte) 





\f device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 


Note 1 

“4s Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 

Note 2. Data is ignored by the MPU. : 

Note 3. While the MPU is waiting for the interrupt, Bus Available will go high indicating the following states of the control lines: VMA is 


low; Address Bus, R 


the memory location specified by the contents. of the Index 
Register (recall that the labe! “%" is reserved to designate the 
Index Register). Since there are instructions for manipulating 
X during program execution (LDX,.INX, DEC, ‘etc.), the In- 
dexed addressing mode-provides‘a dynamic ‘on the fly” way 
to modify program activity. . ; : 

The operand field can also contain a numerical value that 
will be automatically added to X during execution: This for- 
mat is illustrated in Figure 33. 

_ When the MPU encounters ‘the LDAB (Indexed) opcode in 


, and Data Bus are all in the high impedance state. 


location 5006, it looks in the next memory location for the 
value to be added to X (5 in the example) and calculates the 
required address by adding 5 to the present Index Register . 
value of 400. In the operand format, the offset may be 
represented: by a label or a numerical value in the range 0-255 
as in the.example. In the earlier example, STAA X, the ; 
operand is equivalent to 0, X, that is, the O may be omitted 
_ when the. desired address is equal to X. Table 11 shows the 
“cycle-by-cycle cpereton for the noes Mode of Address- . 
ing. 
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FIGURE 29 — IMMEDIATE ADDRESSING MODE FIGURE 30 — DIRECT ADDRESSING MODE 
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Address Mode Cycle |} VMA j R/W | ; 
and Instructions # Line Address Bus Line Data Bus 


TABLE 7 — IMMEDIATE MODE CYCLE-BY-CYCLE OPERATION: 


Op Code Address 
Op Code Address + 1 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 





Op Code 
Operand Data 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 





TABLE 8 — DIRECT MODE CYCLE-BY-CYCLE OPERATION 





Address Mode Cycle VMA 
and Instructions Cycles # Line 





Op Code Address 


Op Code Address + 1 
Address of Operand 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 
Op Code Address 
Op Code Address + 1 
Destination Address 
Destination Address 
Op Code Address 
‘Op Code Address + 1 
Address of Operand 
Address of Operand 
Address of Operand + 1 





Address Bus 


Op Code 
Address of Operand 
Operand Dats 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 

Destination Address 

Irretevant Data (Note 1) 

Data from Accumulator 

Op Code 


“Address of Operand 

Irrelevant Data (Note 1) 
Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Note 1. if device which is address during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
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FIGURE 31 — EXTENDED ADDRESSING MODE 
MPU MPU 


PROGRAM 
MEMORY 


PROGRAM 
MEMORY 





ADDR > 256 
GENERAL FLOW EXAMPLE 


TABLE 9 — EXTENDED MODE CYCLE-BY-CYCLE 





Address Mode Cycle | VMA R/W 
and Instructions Cycles # Line | Address Bus Line Data Bus 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand + 1 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 ©. 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Op Code Address + 2 
Op Code Address + 2 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 

Op Code Address 

Op Code Address +1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Operand Destination Address 
Operand Destination Address 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 ...; 
Address of Operand 
Address of Operand 
Address of Operand 


i 


7 

2 
3 
4 
4 
2 
3 
4 
5 
1 
2 
3 
34 
a: 


eee eee a f---[---22----fo-++4 


Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data {Low Order Byte) 

Op Code. 

Addfess of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte} 
Op Code of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Address of Subroutine (Low Order 8yte) 
Op Code : 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Op Code 

Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Irrelevant Data (Note 1) 

Data from Accumulator 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 2)” 





Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 


Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
Note 2. For TST, VMA = 0 and Operand data does not change. 
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FIGURE 32 — RELATIVE ADDRESSING MODE 


Program 
Memory 


Program 


Memory 





ADOR = INDX 


+ OFFSET 
PROGRAM 
MEMORY 
PC 





OFFSET < 255 
GENERAL FLOW EXAMPLE 


TABLE 10 — RELATIVE MODE CYCLE-BY-CYCLE OPERATION 


Op Code Address Op Code 

Op Code Address + 1 Branch Offset 

Op Code Address + 2 Irrelevant Data (Note 1) 

Branch Address Irrelevant Data (Note 1) 

Op Code Address ; Op Code 

Op Code Address + 1 : Branch Offset 

Return Address of Main Program Irrelevant Data (Note 1) 

Stack Pointer Return Address (Low Order Byte) 
Stack Pointer — 1 Return Address (High Order Byte) 
Stack Pointer — 2 Irrelevant Data (Note 1) 

Return Address of Main Program Irrelevant Data (Note 1) 
Subroutine Address Irrelevant Data (Note 1) 


Note 1. If device which is addressed during this cycie uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 


1 
2 
3 
4 
1 
2 
3 
4 
5 
6 
7 





fo] 
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TABLE 11:—. INDEXED MODE CYCLE-BY-CYCLE 


Address Mode aad R/W 
and Instructions Cycles Address Bus Line 


INDEXED 



















Op Code. Address 
Op Code Address + 1 

index Register 

Index Register Plus Offset (w/o Carry) 
Op Code Address 
Op Code‘Address + 1 

Index Register 

Index Register Pius Offset wie Carry) 
Index Register Plus Offset ; 


Op Code Address 

Op Code Address + 1 

Index Register , 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 

Index Register Plus Offset + 1 






Op Code 
Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Op Code 
Offset 

Irrelevant Data (Note 1) 

















ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 














Irrelevant Data (Note 1) 
Operand Data 
Op Code 
Offset 

Irrelevant Data (Note 1) 





























Irrelevant Data (Note 1) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 





Op Code Address 
Op Code Address + 1 
index Register 













Op Code 
Offset 
Irrelevant Data (Note 1) 





Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 

Index Register Pius Offset 
Op Code Address 
Op Code Address + 1 

index Register 

Index Register Plus Offset (w/o Carry) 
lndex Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset 


Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 





Operand Data 
Op Code 
Offset 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Current Operand Data 


















Irrelevant Data (Note 1) 
New Operand Data (Note 2) 





“NOAM PWN AID TD FEWHNH ALMA FWBNH = 




















Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 
Index Register Plus Offset 
Index Register Plus Offset + 1 
Op Code Address 
Op Code: Address +1 
Index Register 


Op Code 
Offset 
Irrelevant Data (Note 1) 











Irrelevant Data (Note 1) 





Irrelevant Data (Note 1) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 
Offset . 
Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1). 














N OO ff WN > 













Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Index Register 
Index Register Plus Offset (w/o Carry) 











Irrelevant Data (Note 1) 
irrelevant Data (Note 1) 





aon nok WN = 


Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycie may be. retained o on the Data Bus. 


Note 2. For TST, VMA = 0 and Operand data does not change. 
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ORDERING INFORMATION 


Package Type et (MHz) Temperature Order Number has 





















Cerdip 0°C to 70°C MC6800S 
S Suffix — 40°C to 85°C _ MC6800CS 
0°C to 70°C " MC68A00S 







—40°C to 85°C 
0°C to 70°C’ 


0°C to 70°C 


MC68A00CS 
MC68B00S 


MC6800P ~ 













Plastic 











P Suffix ~40°C to 85°C MC6800CP 
0°C to 70°C MC68A00P 
— 40°C to 85°C MC68A00CP 


MC68BO0P 











0°C to 70°C 


PIN ASSIGNMENT 








Vssiii @ 40) RESET 
HALTY 2 39 Tsc 
103 38 T} N.C 
TROg 4 3747 62 
VMAT5 36] DBE 
NMi 6 35f]N.C 
BAY 7 a4 fTR/W 
Vec¥ 8 33 {J DO 
Aotg 32{1D1 
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MiC6803 
Microcontroller/Microprocessor (MCU/MPU) 


The MC6801 is an 8-bit single-chip microcontroller unit (MCU) which significantly enhances the 
capabilities of the M6800 Family of. parts. It includes an upgraded M6800 microprocessor unit 
(MPU) with upward-source and object-code compatibility. Execution times of key instructions have 
been improved and several new instructions have been added including an unsigned multiply. The 
MCU can function as a monolithic microcontroller or can be expanded to a 64K byte address space. 
It.is TTL compatible and requires one + 5-volt power supply. On-chip resources include 2048 bytes 
of ROM, 128 bytes of RAM, a serial communications interface (SCI), parallel 1/O, and a three-func- 
tion programmable timer. The MC6803 can be considered as an MC6801 operating in modes 2 or 3. 
An EPROM version of the MC6801, the MC68701 microcontroller, is available for systems develop- 
ment. The MC68701 is pin and code compatible with the MC6801/MC6803 and can be used to emu- 
late the MC6801/MC6803. The MC68701 is described in a separate Advanced Information 
publication. 

@ Enhanced MC6800 Instruction Set 

@ 8x8 Multiply Instruction 
@ Serial Communications Interface (SCI) 
@ Upward Source and Object Code Compatibility with the M6800 
@ 16-Bit Three-Function Programmable Timer 
@ Single-Chip or Expanded Operation to 64K Byte Address Space 
@ Bus Compatibility with the M6800 Family 
@ 2048 Bytes of ROM (MC6801 Only) 
: 
e 
e 
e 
e 





128 Bytes of RAM 

64 Bytes of RAM Retainable During Powerdown 

29 Parallel /O.and Two Handshake Control Lines 
Internal Clock Generator with Divide-by-Four. Output 
— 40 to 85°C Temperature Range 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FIGURE 1 — M6801 MICROCOMPUTER FAMILY BLOCK DIAGRAM 





a2 lot 
vutst sgh 
ODES Bie 
>> x DwiZ 


P36 A6/DE DE 1/0 


, Expanded Multiplexed MPU 
: - Expanded Non-Multiplexed 
] | [— Single Chip B 
EL oaes 


P37 A7/D7 D7 W/O if P20 
Port > P21 
tela] 
2 fr ine 
P34. A4/D4. D4 /0 3 ey P23 
P33. A3/D3. D3~—s/0 P24. 
P32. A2/D2 D2~=~‘I/O 
P31. A1/D1 D1 I/O 
P30 AO/DO DO 1/0 precast 
sc2 R/W R/W OS3 Ln | Timer 
SC1 AS ios [$3 


P35 = AS/D5 «~05~ 1/0 Port 





P47 A15 A7 ° 1/0 P10 
P46 A14 AB 1/0 Address P11 
P45 AIZ-— ASCSO co Port ao 
P44 A124 a : P13 
P43 ATI A3. 1/0 <tm} . P14 
P42 A10 A2 1/0 P15 
P41 AQ Al 1/0 P16 
P40 AB AO 1/0 P17 
Vcc Standby 128 x 8 ar : 
nem (See Note) 
‘NOTE: No functioning ROM in MC6803. 
POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Tat (Pps Oya) (1) 
where : 
Ta = Ambient Temperature, °C 
OIA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
Pb = Pint+Pport 
PINT =I!cecxVcc, Watts — Chip Internal Power 


PporT = Port Power Dissipation, Watts — User Determined. 


For most applications PoportT< PINT and can be neglected. PPoRT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. , 
An approximate relationship between Pp and Ty (if Pport is neglected) is: 


. | . Pp=K-+(Ty+273°C) | | (2) 
Solving equations (1) and (2) for K gives: 
. K=Pp + (Ta + 273°C) + 0yarPp2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 


equilibrium) for a known T,. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ta 
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MAXIMUM RATINGS 
Rating 





This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the Vin and Vout be constrained to 
the range Vss = (Vin or Vout) = Vcc. Input 
protection is enhanced by connecting un- 
used inputs to either Vpp or Vss. 





| -0.3 to +7.0 
-0.3 to +7.0 


TL to Ty 
0 to 70 
—40 to +85 














Supply Voltage 





Input Voltage 









Operating Temperature Range 
MC6801, MC6803 
MC6801C, MC6803C 


| Sto rage Temperature Range 











THERMAL CHARACTERISTICS 





Characteristic 





Thermal Resistance 
Plastic 
Cerdip 








CONTROL TIMING (Vcc=5.0 V +5%, Vgg=0) 
- 



















Characteristic 
j=: 





Frequency of Operation 











Crystal Frequency 








Le 


External Oscillator Frequency 





Crystal Oscillator Start Up Time 
























Processor Control Setup Time - 








MC6801 



























































































































MC6801C 
Characteristic MC6803 MC6803C 
Input High Voltage RESET} Vi Vsst+4.0 Vcc Vsgt+4.0 Vcc Vv 
Other Inputs Vss+2.0 Vcc Vss+2.2 Vcc 
isinpie Low Voltage All Inputs} = VjL Vss-0.3 Vv 
Input Load Current Port 4 lin _ mA 
(Vin =0 to 2.4 V) Sci , _ 
Input Leakage Current lin pA 
ie (Vin =0 to 5.25 V) NMI, IRO1, RESET ~ 
Hi-Z (Off State) Input Current i 
(Vin=0.5 to 2.4 V) Ports 1,2, and 3] ItTs| — pA 
Output High Voltage VOH Vo 
(ILoad= —65 pA, Voc =Min)* Port 4, SC1, SC2 Vggt+2.4 
(ILoad= ~ 100 pA, Vec= Min) Other Outputs Vggt2.4 
| Output Low Voltage VOL Vv 
(ILoad = 2.0 mA, Vcc = Min) All outputs on 
Darlington Drive Current (VQ = 1.5 Vv) Port 1]. IOH 1.0 mA 
Internal Power Dissipation PINT _— mw 
(Measured at Ta =TL in Steady-State Onsiatioe 
Input Capacitance Port 3, Port 4,SC1| Cin _ 12.5 ae ~ 12.5 pF 
(Vin =0, Ta = 25°C, fo = 1.0 MHz) Other Inputs = 10 | — 10 : 
Vicc Standby _ _ Powerdown| Vspp | = 4.0 5.25 4.0 5.25 Vv 
4 Powerup| Vsp 4.75 5.25  4.75' 5.25 
Standby Current ' Powerdown IspB aes Ee a "8.0 mA 

















*Negotiable to — 100 pA (for further information contact the factory) 





MOTOROLA MICROPROCESSOR DATA - 
3-94 


MC6801/6803 


PERIPHERAL PORT TIMING (Refer to Figures 2-5) 













MC6801 mceso1-1_ | MC6esBo1 | 











Peripheral Data Setup Time 











Peripheral Data Hold Time 


Transition 






















Transition 

















CMOS Data Valid 
Input Strobe Pulse Width 
























Input Data Hold Time 











Input Data Setup Time 


Characteristic Mc6803_ | ~~MC6803-1 | ~MC68B03 Unit 
, Max | Min Max | Min | Max 
— | 200], — | 10 | — | ns | 
a 0 eae 1 = 
20' =o 00 7 ns _| 
Delay Time, Enable Positive Transition to OS3 Negative —_— 350. — | 350 ;-— 250 ns 
—|—_—+—-_+ : irs ei 
Delay Time, Enable Positive Transition to OS3 Positive — 350°; .— .350 — 250 |. ns 
, [seein Were Oe 
Delay Time, Enable Negative Transition to Peripheral Data Valid — 350 — 350 _ 250 ns | 
: ae a nea eee aS ig 
Delay Time, Enable Negative Transition to Peripheral —_ 2.0 = 2.0 — 2.0 ys 
ma : ae . es 
_— ‘200 —_— 100 | — ns 
4 a | 1 aa =| 
—_ 50 _ 30 —_ ns 4 
—_— 20 Fie 30 a) ns 


























FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU READ) 


yey Read 






P10-P17 
P20-P24 
P40-P47 


Inputs i 
P30-P37 . 
Inputs* Data Valid 


*Port 3 non-latched operation (LATCH ENABLE = 0) 


FIGURE 4 — PORT 3 OUTPUT STROBE TIMING 
*(MC6801 SINGLE-CHIP MODE) 


y MPU access of Port 3* 





Address 
Bus 


Oss 


* Access matches output strobe select (OSS=0, a read; 
OSS =1, a write) 





FIGURE 3 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) 


ig MPU Write 
F / 


tCMOS 







--- 0.7Vcc 


All. Data 


Port Outputs Data Valid 


NOTES: a : 

1. 10 k pullup resistor required for port 2 to reach. 0.7 Vcc. 
2. Not applicable to P21. : 

3. Port 4 cannot be pulled above Vcc. 


FIGURE 5 — PORT 3 LATCH TIMING 
(MC6801 SINGLE-CHIP MODE) 


| 


n 
ca) 


P30-P37 
Inputs 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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BUS TIMING (See Notes 1 and 2) 








MC6801 Mc6s01-1_ |. MCesBo1_ | 








































PHeiats Characteristics Symbol |__Mc6s03__| _Mc6803-1_ | MC68B03_| Unit 
eee | . Min | Max | Min | Max | Min | M 
L + in ax | in ax my ax ooo 

1 Cycle Time 1.0 an 2.0 0.8 2.0 0.5 2.0 LS 
{2 [Pulse Width, E Low 430 | 1000 | 360 | 1000 | 210 | 1000 | ns | 

3 __| Pulse Width, E High PWen | 450 | 1000 | 360 | 1000 | 220 | 1000 | ns_ | 
r —T 

4 __.| Clock Rise and Fall Time tr, tf _— 25 _— 25 — 20 ns 
|__9 | Address Hold Time tay (20. | | 20, ) 90 Sl hs 


12 Non-Muxed Address Valid Time to E* 
Read Data Setup Time 

Read Data Hold Time 
Write Data Delay Time 
Write Data Hold Time 
Muxed Address Valid Time to E Rise* 


































































[Muxed Address Valid Time to AS Fall* BO [as eee ee a ais 
25 Muxed Address Hold Time tAHL 20 | = 20 L —_| 10 ae ns | 
26 [ Delay time, E to AS Rise* tasp | 90** = 70** =e 45** — ns 
27__| Pulse Width, AS High* PWasy|_220 | — | 170 T= Tre |=" ons TI 
28 Delay Time, AS to E Rise* taSED 90 + = 70 — 45 — | ns | 
29 _ | Usable Access Time* _ tacc 595 — | 465 [ = 270 — | ns 





*At specified cycle time. 
**tASD parameters listed assume external TTL clock drive with 50% +5% duty cycle. Devices driven by an external TTL clock with 
50% + 1% duty cycle or which use a crystal have the following tasp specifications: 100 nanoseconds minimum (1.0 MHz devices), 
80 nanoseconds minimum (1.25 MHz device), 50 nanoseconds minimum (2.0 MHz devices). 





FIGURE 6 — BUS TIMING 


See Note 4 


TOS, 
R/W, Address 
(Non-Muxed) 


Addr/Data 
Muxed 






Addr/Data 
Muxed 


| KX) 


Address 
Strobe (AS) 


NOTES: 
1. Voltage levels shown are V,; <0.5 V, V}y22.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise Speeliied 
3. Usable access time is computed by:.12+3-17+4. 
4. Memory devices should be enabled only during E high to avoid port 3 bus. contention. 
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FIGURE 7 — CMOS LOAD 


Test Point came 
30 pF 


i 


FIGURE 8 — TIMING TEST LOAD PORTS 1, 2, 3, 4 


Vcc 
Ry 1.8k 


Test Point MMD6150 


or Equivalent 


MMD7000 
or Equivalent 


C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R=37 kQ for P40-P47, SC1, SC2 
= 24 kQ for P10-P17, P20-P24 
= 24 kf for P30-P37, E 


INTRODUCTION 


The MC6801 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con- 
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. et 

Twenty-nine pins are organized as three 8-bit ports and 
one.5-bit port. Each port consists of at least a data register 
and a write-only. data direction register. The data direction 
register is used to define whether corresponding bits in the 
data register are configured as an input (clear) or output 
(set). 


The term “‘port,’’ by itself, refers to all of the hardware 
associated with the port. When the port is used as a “data 
port” or “I/O port,” it is controlled by the port data direction 
register and the programmer has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies one of four ports and j indicates the par- 
ticular bit. : 

The microprocessor unit (MPU) is an enhanced MC6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 
MC6800. The programming model is depicted in Figure 9, 
where accumulator D is a concatenation of accumulators A 
and B. A list of new operations added to the M6800 instruc- 
tion set are shown in Table 1. 4 

The MC6803 can. be considered an MC6801 that operates 
in Modes 2 and 3 only. 
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‘FIGURE'9 — PROGRAMMING MODEL 





15 x 
15 sP 
15 PC 





8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


O} index Register (X) 


O} Stack Pointer (SP) 


O} Program Counter (PC) 


7 0 
aft fat i inizivic] Condition Code Register (CCR) 


Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


OPERATING MODES 


The MC6801 provides eight different operating modes (0 
through 7) and the MC6803 provides two operating modes (2 
and 3). The operating modes are hardware selectable and 
determine the device memory map, the configuration of port 
3, port 4, SCi, SC2, and the physical location of the inter- 
rupt vectors. 


FUNDAMENTAL MODES 


The eight operating modes can be grouped into three fun- 


damental modes which refer to the type of bus it supports: 
single chip, expanded non- multiplexed, and expanded 
multiplexed. Single-chip modes include 4 and 7, expanded 
non-multiplexed mode is 5, and the remaining five modes are 


expanded multiplexed modes. Table 2 summarizes the char- 
acteristics of the operating’ moos: 


MC6801 Single-Chip Modes (4, 7} 


In the single-chip mode, the four MCU ports are con- 
figured as parallel input/output data ports, as shown in 
Figure 10. The MCU functions as a monolithic microcom- 
puter in these two modes without external address or data 
buses. A maximum of 29 I/O lines and two port 3 control 
lines are provided. Peripherals or another MCU can be inter- 
faced to port 3 in a loosely coupled dual processor configura- 
tion, as shown in Figure 11. ; 


TABLE 1 — NEW INSTRUCTIONS 


























LSL 
(same as ASL) 





















LSRD 

MUL 

PSHX Pushes the index register to stack 

PULX Pulls the index register from stack 

STD Stores the double accumulator to memory 
SUBD 


CPX 


Ee ae ae, eee 2 ae 


Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit 


ABX Unsigned addition of accumulator B to index register 
ADDD Adds (without carry) the double accumulator to memory and leaves the sum:‘in the double accumulator 
ASLD or LSLD 

BHS Branch if higher or same; unsigned conditional branch (same as BCC) 

BLO Branch if lower; unsigned conditional branch (same as BCS) 

BRN Branch never 

JSR Additional addressing mode: direct 

LDD Loads double accumulator from memory 


Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit 


Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C bit 
Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 


Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
Internal processing modified to permit its use with any conditional branch instruction 
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In single-chip test mode (4), the RAM responds to $XX80 
through $XXFF and the ROM is removed from the internal 
address map. A test program must first be loaded into the 
RAM using modes 0, 1, 2, or 6. If the MCU is reset and then 
programmed into mode 4, execution will begin at 
$XXFE:XXFF. Mode 5 can be irreversibly entered from mode 
4 without asserting RESET by setting bit 5 of the port 2 data 
register. This mode is used primarily to test ports 3 and 4 in 
the-single-chip and non-multiplexed modes. 

MC6801 Expanded Non-Multiplexed Mode (5) 


A modest amount of external memory space is provided in 
the expanded non-multiplexed mode while significant on- 
chip resources are retained. Port 3 functions as an 8-bit 


bidirectional data bus and port 4 is configured initially as an 
input data port. Any combination of the eight least-signifi- 


_ cant address lines may be obtained by writing to the port 4 


data direction register. Stated alternatively, any combination 
of AO to A7 may be provided while retaining the remainder as 
input data lines. internal pullup resistors pull the port 4 lines 
high until the port is configured. 


Figure 12 illustrates a typical system configuration in the 
expanded non-multiplexed mode. The MCU. interfaces 
directly with M6800 Family parts and can access 256 bytes of 
external address space at $100 through $1FF. IOS provides 
an address decode of external memory ($100-$1FF) and can 
be used as a memory-page select or chip-select-line. 


TABLE 2 — SUMMARY OF MC6801/03 OPERATING MODES 





Common to all Modes: 
Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 












Single Chip Mode 7 
























SC2 is Read/Write (R/W) 
Test Modes 0 and 4 







Serial Communications Interface 


128 bytes of RAM; 2048 bytes of ROM 

Port 3 is a parallel |/O port with two control lines 
Port 4 is a parallel |/O port 
SC1 is Input Strobe 3 (iS3)__ 
SC2 is Output Strobe 3 (OS3) 


Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of ROM 
256 bytes of external memory space 

Port 3 is an 8-bit data bus 

Port 4 is an input port/address bus 

SC1 is Input/Output Select (iOS) 

SC2 is Read/Write (R/W) 


Expanded Multiplexed Modes 1, 2, 3, 6* 
Four memory space options (64K address space): 
(1) No internal RAM or ROM (Mode 3) 
(2) Internal RAM, no ROM (Mode 2) 
(3) Internal RAM and ROM (Mode 1) 
(4) Internal RAM, ROM with partial address bus (Mode 6) 
Port 3 is a multiplexed address/data bus 
Port 4 is an address bus (inputs/address in Mode 6) 
SC1 is Address Strobe (AS) 


Expanded Multiplexed Test Mode 0 

May be.used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 
(1) May be changed to Mode 5 without going through Reset 
(2) May be used to test Ports 3 and 4 as I/O ports 






* The MC6803 operates only in modes 2 and 3. 
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FIGURE 10 — SINGLE-CHIP MODE FIGURE 11 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 
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RESET 
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MC6801 


Port 1 
8 1/0 Lines 


Port 4 
8 1/0 Lines 


Vcc Standby 


RESET MC6801 


Port 1 


8 1/0 Lines 


Port 2 
51/0 
Lines 
Serial 1/0 
16-Bit Timer 


Port 1 

Port 3 81/0 

8 1/0 Lines Lines 
1S3 


0S3 
Port 2 


Port 2 5 1/0 Lines 


5 I/O Lines sc 


Serial 1/0 ; 16-Bit Timer 


16-Bit Timer 


FIGURE 12 — EXPANDED NON-MULTIPLEXED. CONFIGURATION 


E 


Mi 


IRQ1 


Port 3 
8 Data Lines 
R/W 
ids 
Port 4 
To 8 
Address Lines 


Port 2 
5 1/0 Lines 
scl 
16-Bit Timer 
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Expanded-Multiplex Modes (0, 1, 2, 3, 6) 


A 64K byte memory space is provided in the ex- 
panded-multiplex modes. In each of the expanded-mul- 
tiplexed modes port 3 functions as a time multiplexed 
address/data bus with address valid on the negative 
edge of address strobe (AS), and data valid while E is 
high. In modes 0 to 3, port 4 provides address lines A8 
to A15. In mode 6, however, port 4 initially is configured 
at RESET as an input data port. The port 4 data direction 
register can then be changed to provide any combi- 
nation of address lines, A8 to A15. Stated alternatively, 
any subset of A8 to A15 can be provided while retaining 
the remaining port 4 lines as input data lines. Internal 
pullup resistors pull the port 4 lines high until software 
configures the port. 


In mode 0, the reset vector is external for the first two. 


E cycles after the positive edge of RESET, and internal 
thereafter. In addition, the internal and external data 
buses are connected so there must be no memory map 
overlap in order to avoid potentia! bus conflicts. Mode 
0 is used primarily to verify the ROM pattern and mon- 
itor the internal data bus with the eulomated test equip- 
ment. 

Only the MC6801 can operata in each of the ex- 
panded- -multiplexed modes. The MC6803 operates only 
in modes 2 and 3. 

Figure 13 depicts a typical configuration for the ex- 
panded-multiplexed modes. Address strobe can be uséd 
to control a transparent D-type latch to capture ad- 
dresses A0-A7, as shown in Figure 14. This allows port 
3 to function as a data bus when E is high. 


PROGRAMMING THE MODE 


The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels are 
latched into PC2, PC1, and PCO of the program control 
register on the positive edge of RESET. The operating 
mode may be read from the port 2 data register as 
shown below, and programming levels and timing must 
be met as shown in Figure 15. A brief outline of the 
operating modes is shown in Table 3. Note that if diodes 
are used to program the mode, the diode forward volt- 
age drop must not exceed the Vppp minimum. 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 


Circuitry to provide the programming levels is de- 
pendent primarily on the normal system usage of the 
three pins. If configured as outputs, the circuit shown 
in Figure 16 may be used; otherwise, three-state buffers 
can be used to provide isolation while programming 
the mode. 


TABLE 3 — MODE SELECTION SUMMARY 














_ Interrupt Bus Operating 
PCO Serer Mode Mode 


Fwommom ee re 


Single Chip 
Multiplexed/ Partial Decode 
Non-Multiplexed/ Partial Decode 
Single-Chip Test 
Multiplexed/No RAM or ROM 
Multiplexed/ RAM 
Multiplexed/ RAM and ROM 
Multiplexed Test 












(1) Internal RAM is addressed at:'$XX80. 


PEs 
Mode* PC2 ~ PCI 
H H H 1 
H H L | 
H L H 1 
H L L (2) a 
L H H E 
L H L E | 
L LE H | { 
L L L | IK 
Legend: NOTES: 
| — Internal 
E — External (2) Internal ROM is disabled. 


MUX — Multiplexed 
NMUX — Non-Multiplexed 
L — Logic Zero 

H — Logic One 


1, 2, and 3. 


(3) RESET vector is external for two cycles after RESET goes high. 
(4) Addresses associated with pore 3 and 4 are considered externa! in modes 0, 


(5) Addresses associated with port 3 are considered external in modes 5 and 6. 


-(6) Port 4 default is user data input; address output is optional by writing to port 4 
data direction register. ‘ 


* The MC6803 operates only in modes 2 and 3. 
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FIGURE 13. EXPANDED MULTIPLEXED CONFIGURATION . 
Vcc 


Vcc Standby 
RESET 
Port 1 Port.3 8 Lines 
81/0 Lines Multiplexed Data/Address 
R/W 
Port 2 
5 1/0 Lines Port 4 
Serial 1/0 6 Lines — 
Address Bus 


- 16-Bit Timer 





‘Data Bus 
(DO-D7) . 









Vec Standb 

ss RE , Address Bus 
(A0-A15) 
R/W 





Port 1 E 


81/0 
Port 2 
51/0 
SCcl 
Timer 


NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 


FIGURE 14 — TYPICAL LATCH ARRANGEMENT 
GND 


AS 


Port 3 SN74LS373 


Address/ Data (Typical) Address: Ag-A7 





Data: Do-D7 
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FIGURE 15 — MODE PROGRAMMING TIMING 















See Figure 16 
RESET for Diode Arrangement 

VMPDD 

neat 
(P20, P21, P22) oe . 
Vv Mi Bhat Solty Be ode Latc' 

Mode Inputs pila blah RESET » | Level 
(P20, P21, P22) . VMpPL Max ; 


MODE PROGRAMMING (Refer to Figure 15) 


























Characteristic at Symbol Min Max Unit 

Mode Programming Input. Voltage Low* (for Ta =0 to,70°C) VMPL _— V 
Mode Programming Input Voltage High VMPH 4.0 Sl Mv | 
Programming Diode Differential (if Diodes are Used) (for Ta =0 to 70°C) VMPDD Ee cote Pee 
RESET Low Pulse Width _| PWrsitL | 3.0 ae — | E Cycles 
Mode Programming Setup Time {1 tMps 2.0 Wis +E Cycles 
Mode Programming Hold Time tMPH Oo} — ns 

RESET Rise Time=1 us ; 100 —_ 

RESET Rise Time<1 ys _| ds 

















Note: For Ta= —40 to 85°C, Maximum Vyyp_ = 1.7, and Minimum Viyyppp = 0.4. 


FIGURE 16 — TYPICAL MODE PROGRAMMING CIRCUIT 





Voc 


P20 (PCO) 
P21 (PC1) 
P22 (PC2) 








Mode 
Control 
Switches 


NOTES: 
1. Mode 7 as shown 
2. Ro*C=Reset time constant 
3. R1=10 k (typical) 
4. D=IN914, IN4001 in the 0 to 70°C range 
D=1N270, MBD201 in the — 40 to 85°C range 
5. Diode Vf should not exceed Viyppp min. 


MEMORY MAPS 


The M6801 Family can provide up to 64K byte address 
space depending on the operating mode. A memory 
map for each operating mode is shown in Figure 17. 
The first 32 locations of each map are reserved for the 
internal register area, as shown in Table 4, with excep- 
tions as indicated. 
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FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 1 of 3) 


Multiplexed- Test M ode 0 


$0000!1) 
$001F 


Internal.Registers 


External Memory Space 
$0080 


Internal RAM 


External Memory Space 


Internal ROM 


$FFFF(2) 


NOTES: : 
1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and SOF. 


2) Addresses $FFFE and $FFFF are considered. 
external if accessed within two cycles after a. 


positive edge of RESET and internal at all: other 
times. , . 


3) After two MPU cycles, there must be no over- 
lapping of internal and external memory spaces 
to avoid driving the’data bus with more than one 
device. ; 

4) This mode is the only mode which may be used 
to examine the interrupt vectors in internal ROM 
using an external RESET vector. 


Internal Interrupt Vectors!2) 


MC6801. 
Mode ' 


Multiplexed/ RAM and ROM 


$0000(1) 
Internal Registers 


$001F 
External Memory Space 


internal RAM 


External Memory Space 


Internal ROM 


External Interrupt Vectors 


NOTES: 


_ 1) Exciudes the following addresses which may be 


used externally: $04, $05, $06, $07, and SOF. 


2) internal ROM addresses $FFFO to $FFFF are not 
usable. 
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Multiplexed/RAM 


$0000!1) 
Internal Registers 
$001F 


External Memory Space 
$0080 


Internal RAM 
SOOFF 


External Memory Space 


SFFFO 
SFFFF 





External Interrupt Vectors 


NOTES: . 
1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and SOF. 


FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 2 of 3) 


Multiplexed/ No RAM or ROM 
$0000(1) 


Internal Registers 
$O01F 


External Memory Space 


SFFFO 


External Interrupt Vectors 
SFFFF : 


NOTES: . . 
1). Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and SOF. 


4 


Single-Chip Test 


$0000 
} Internal Registers 
$001F 


Unusable {1)(4) 





$XX80 } internal RAM 
$XXEF Internal Interrupt Vectors 


NOTES: 

1) The internal ROM is disabled. ; 

2) Mode 4 may be changed: to Mode 5 without hav- 
ing to assert RESET by writing a one into the 
PCO bit of the port 2 data register. ; 

3) Addresses A8 to A15 are treated as ‘’don‘t cares’ 
to decode internal RAM. 


4) Internal RAM will appear at $XX80 to $XXFF. 
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FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 3 of 3) 


MC6801 
Mode 


Non-Multiplexed/ Partial Decode 


} Internal Registers 


Unusable 


Internal RAM - 


External Memory Space 


Unusabie 


$F800 Y 


Internal ROM 


We / Internal Interrupt Vectors 
NOTES: : > 


1) Excludes the following addresses which may not 
be uséd externally: $04, $06, and SOF (no 10S). 

2) This mode may be entered--without going 
through RESET by using mode 4 and subse- 
quently writing a one into the PCO bit of the port 
2 data register. : 
Address lines AO to A7 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These. address lines will asSert ones’ until made 
outputs by writing the data direction register. 


SFFFF 


6 


Multiplexed/ Partial Decode 


$0000!1) 
Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 


Internal ROM-- 


SFFFF Internal Interrupt Vectors 


NOTES: 

1) Excludes the following addresses which may be 
used externally: $04, $06, and SOF. 

2) Address lines A8-A15 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 





7 


Single Chip 


} Internal Registers 


~ Unusable 


} Internal RAM 


Unusable 


Internal ROM 


Internal Interrupt Vectors 
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MC6801/03 INTERRUPTS 


The M6801 Family supports two: types of interrupt re- 
quests: maskable and non-maskable. A non-maskable inter- 
rupt (NMI) is always recognized and acted upon.at the com- 
pletion of the current instruction. Maskable interrupts are 
controlled by the condition code register | bit and ‘by in- 
dividual enable bits. The | bit controls all maskable inter- 
rupts. Of the maskable interrupts, there are two types: IRO1 
and IRQ2. The programmable timer and serial communica- 
tions interface use an internal |RO2 interrupt line, as shown 


in Figure 1. External devices (and 1S3) use 1RQ1. An IRQ1 in-: 


terrupt is serviced before IROQ2 if both are pending. 

All IRQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca- 
tion. Alt interrupt vector locations are shown in Table 5. 

The interrupt flowchart is depicted in Figure 18 and is 
common to every interrupt excluding reset. During interrupt 
servicing the program. counter, index register, A accumu- 
lator, B accumulator, and condition code register are pushed 
to the stack. The | bit is set to inhibit maskable interrupts and 
a vector is fetched corresponding to the current highest 
priority interrupt. The vector is. transferred to the program 


counter.and instruction execution is resumed. Interrupt and. 





RESET timing are illustrated in Figures 19 and 20. 


FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 


Vcc and Vsg provide power to a large portion of the 
MCU. The power supply should provide +5 volts (+ 5%) to 
Vcc. and Vss should be tied to ground. Total power 
dissipation (including Vcc standby), will not exceed Pp 
milliwatts. 


Vcc STANDBY 


Vcc standby provides power to the standby portion ($80 
through $BF) of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de- 
pend on whether the device is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+5 volts (+5%) and must reach Vsp volts before RESET 
reaches 4.0 volts. During powerdown, Vcc standby must re- 
main above Vspp (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
‘current will not exceed IspB. ,* 

It is typical to power both Vcc and Vcc standby from the 
same source during normal operation. A diode must be used 





between them to prevent supplying power to Vcc during 
powerdown operation. Vcc standby should be tied to 
ground in mode 3. 


TABLE 4 — INTERNAL REGISTER AREA 


Port 1 Data Direction Register* * * 00 
01 
02 
03 
04* 


Port 2 Data Direction Register* * * 
05* * 














Port 1 Data Register 
Port 2 Data Register 


Port 3 Data Direction Register * * * 
Port 4 Data Direction Register * * * 
Port 3 Data Register 

Port 4 Data Register 


Timer Control and Status Register 
Counter (High Byte) 
Counter (Low Byte) 
Output Compare Register (High Byte) 


Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 
Port 3 Control and Status Register 


Rate and Mode Control Register 
Transmit/ Receive Control and Status Register 
Receive Data Register 
Transmit Data Register 


RAM Control Register 14 
Reserved : 15-1F 


* External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be ac- 
cessed in mode 5 (no IOS). 
* * External addresses in-modes 0, 1, 2, and 3. 
* **1= Output, O= Input. 
































TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 


Interrupt 
RESET 
NMi 
Software Interrupt (SWI) 
iRQ1 (or 183) 
‘CF (Input Capture) * 


FFF7 
FFF5 OCF (Output Capture) * 
TOF (Timer Overflow) * 


0 FFF1 SCI (RDRF + ORFE+ TDRE)*: 
*TRQ2 Interrupt 


Pwse | 156 


FFF8 | FFF9 
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FIGURE 18 — INTERRUPT FLOWCHART 


Stack Machine State 
PC, X, A, B, CC 


<u> N WAI 












































a Input Capture Interrupt 
Output Compare Interrupt 
Timer Overflow Interrupt 
[TMP —| SCI Interrupt (TDRE+ RDRF + ORFE). 
N 


FFFO:FFF1 





me 
; 
Vector —» PC C. N : : 
RESET | FFFE:FFFF J sETOI 
N j N. 
. EXECUTE , 
, Y 
: | —ITMP ‘ SCi= TIE*TDRE + RIEe(RDRF+ ORFE) 
Condition Code Register 1! 
y 
1! FFFC:FFFD | Non-Maskable Interrupt 
FFFA:FFFB | Software Interrupt 
‘i IRQ) FFF8:FFEQ Maskable. interrupt Request 1 
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FIGURE 19 — INTERRUPT SEQUENCE 


#2 #3 #4 #5 #11 





Cycie 
Last Instruction #1 



































#6 #7 #8 #9 #10 #12 








|-Bit Set 
Internal 


Address Bus 





Op Code Op Code SPi(n) SP(n-1) SP(n-2). SP(n-3) SP(n-4) SP(n-5) SP{n-6) SP(n-7) Vector Vector New PC 
Addr Addr ; MSB Addr LSB Addr Address. 





—>| —trcs 


Int ' . 
meer Xe Xe eX eX OX 


d - : - - Irrelevant Vector Vector First Inst. of — 
Op Code Op Code PCO-7 PC8-15. X0-7 X8-15 ACCA ACCB CCR vee MSB (SB. interrupt Roulifie 





Internal RAW 


FIGURE 20 — RESET TIMING 


SEES UU UU 








; — 5.25 V 

: 47 Vv 

Vec fe ce a 

tPCS . tPcSs 
RESET 40V ~  O8V 
Internal 
Address Bue. \ ; 
FFFE - ‘FFFE FFE FFFE FFF New PC FFFE FFFE 





Data Bus 


PC 8-15 PCO-7_ First 


AY) Not Valid - : | Instruction 
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XTAL AND EXTAL 


These two input pins interface either a crystal or TTL- 
compatible clock to the MCU internal clock generator. 
Divide-by-four-circuitry is included which allows use of 
the inexpensive 3.58 MHz or 4.4336 MHz Color-Burst TV 
crystals. A 20 pF capacitor. should be tied from each 
crystal pin to ground to ensure reliable startup and op- 
eration. Alternatively, EXTAL may be driven by an ex- 
ternal TTL-compatible clock at 4fg with a duty cycle of 
50% (+5%) with XTAL ‘connected to ground. 


The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency: range specified for. fxTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.* The MCU is compatible with: most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 21. , 


RESET 


This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During powerup, 
RESET must be held below 0.8 volts: (1) at least tac after 
Vcc reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and (2) until Vcc standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during powerup operation. 





E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NON-MASKABLE INTERRUPT (NMI) 


An NMI negative edge requests an MCU interrupt se- 
quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence: Finally, a, vector is fetched from $FFFC and 
SFFFD, transferred to. the program counter and instruction 
execution is resumed. ‘NMI typically requires a 3.3 kQ 
(nominal) resistor to Vc. There is no internal NMI pullup 
resistor. NMI must be held low for at least one E cycle to be 
recognized pnger all conditions. 


MASKABLE INTERRUPT REQUEST 1 (TROT) 


iRQ1 is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (I bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from $FFF8 and $FFF9, ‘transferred to the program counter, 
and instruction execution is resumed. 

iRQ1 : typically. requires an- external 3.3 kQ (nominal) 
resistor to Vcc for wire-OR applications. IRQ1 has no inter- 
nal pullup resistor. 


STROBE CONTROL 1 AND 2 (SC1 AND.SC2) 


The function of SC1,and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SC1 and SC2 in Single-Chip Mode 
in single-chip mode, SC1 and SC2 are configured as an 


‘input and. output, respectively, and both function as port 3 


control lines. SC1 functions as [S3 and can be'used to indi- 
cate that port 3 input data is-ready or.output data has been 
accepted. Three options associated with IS3 are controlled 
by port 3 control and status register and are discussed in the 
PORT 3 (P30-P37). if unused, [S3 can remain unconnected. 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by out- 
put strobe select (OSS) in the port 3 control and status 
register. The strobe is generated by a read (OSS = 0) or write 
(OSS ='1) to the port 3 data register. OS3 timing is shown in 
Figure 4. , 


SC1 and SC2 In Expanded Non-Multiplexed Mode. 

In the expanded.non-multiplexed mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as input/out- 
put select (JOS) and is asserted only when $0100 through 
$01FF is-sensed on the internal address bus. — 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


SC1 and SC2 In Expanded-Multiplexed Mode | 

In the expanded-multiplexed mode, both SC1 and SC2 are 
configured as outputs. SC1 functions as address strobe and 
can be used to demultiplex the eight least-significant ad- 
dresses and the data bus. A latch.controlled by address 
strobe captures address on the negative edge, as shown in 
Figure 14. 

SC2 is configured as read/write and i is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


PORT 1 (P10-P17) 

Port 1 is a.mode independent 8-bit 1/0 port with each line 
an input or output as defined by the port 1 data direction 
register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran- 
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 





PORT 2 (P20-P24) 


PORT 2 DATA REGISTER 
7 6 5 4 3.2 oe 
[rca] wes [reo [ras [ra [raz [rai [ro 


Port 2:is ‘a mode-independent, 5-bit, multi-purpose |/O 
port. The voltage level levels present on.P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it will be tied to the timer output compare function and 
cannot be used to provide output from the port 2 data 
register. 





$0003 


* Devices made with masks subsequent to MSG, M8D, and T5P incorporate an advanced clock with improved startup characteristics. 
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FIGURE 21 — M6801. FAMILY OSCILLATOR CHARACTERISTICS 


(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters* 


0.01-0.02 pF 0.01-0.02 pF 
>20 K >20K 


*NOTE: These are representative AT-cut crystal parameters only. Crystals of other types of cut may also 
be used. : ; , 








Co 


CL =20pF (typical) | 
Equivalent Circuit 


NOTE 


TTL-compatible oscillators may be 
obtained from: 


Motorola Component Products 


Attn: Data Clock Sales 
2553 N. Edgington St. . 
Franklin Park, IL 60131 
Tel: 312-451-1000 
Telex: 433-0067 





(b) Oscillator Stabilization Time (tre) 


Vec 








RESET 





. rai. nama tRC 


Oscillator 
Stabilization 
Time, tac 
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Port 2 can also be used to provide an interface for the 
serial Communications interface and the timer input edge 
function. These configurations are described in PROGRAM- 
MABLE TIMER and SERIAL COMMUNICATIONS INTER- 
FACE (SCI). 

The port 2 high-impedance TTL-compatible output buffers 
are capable of driving one Schottky TTL. load and 30 pF, or 
CMOS devices using external pullup resistors. 


PORT 3 (P30-P37) 

Port 3 can be configured as an I/O port,.a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL-compatible high- 
impedance output buffers can drive one Schottky TTL load 
and 90 pF. Unused lines can remain unconnected. 


Port 3 In Single-Chip Mode 

Port 3 is an 8-bit I/O port in the single-chip mode, with 
each line configured by the port 3 data direction register. 
There are also two lines, IS3 and OS3, which can be used to 
control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in. single-chip 
mode: (1) port 3 input data can be latched using IS3 as a 
control signal, (2) OS3 can be generated by either an MPU 
read or write to the port 3 data register, and (3) an IRQ1 in- 
terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing is shown in Figure 5. 


PORT 3 CONTROL AND STATUS REGISTER 


5 4 3 2 1 0 
X |OSS]|Latch] X X Xx 
Enable 


Not used. 


LATCH ENABLE. This bit controls the 
input latch for port 3. If set, input data 
is latched by an 1S3 negative edge. The 
latch is transparent after a read of the 
port 3 data register. LATCH ENABLE 
is cleared during reset. 


OSS (Output Strobe Select). This bit 
determines whether OS3. will be 
generated by a read or write of the port 
3 data register. When clear, the strobe 
is generated by a read; when set, it is 
generated by a write. OSS is cleared 
during reset. 

Not used. 


IS3 IRO1 ENABLE. When set, an IRO7 
interrupt will be enabled whenever IS3 
FLAG is set; when clear, the. interrupt 
is inhibited. This bit is cleared during 
reset. 

IS3 FLAG. This read-only status bit is 
set by an IS3 negative .edge. It is 
cleared by a read of the port 3 control 
and status register (with 1S3 FLAG set) 
followed by a read or write to the port 
3 data register or during reset. 


$OO0F 





Bit 4 


Bit 5 
Bit 6 


Bit 7 


Port 3 In Expanded Non-Multiplexed Mode 

Port 3 is configured as a bidirectional data bus (D7-D0) in 
the expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write (SC2). Data is clocked 
by E (enable). 


Port 3 In Expanded-Multiplexed Mode 


: Port 3 is configured as a time multiplexed address (AO-A7) 
and data bus (D7-DO0) in the expanded-multiplexed modes, 
where address ‘strobe (AS) can be used to demultiplex the 
two buses. Port 3 is held in a high-impedance state between 
valid address and data to prevent bus conflicts. 


PORT 4 (P40-P47) 

Port 4 is configured as an 8-bit |/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


Port 4 In Single-Chip Mode 

In single-chip mode, port 4 functions as an 8-bit I/O port 
with each line configured by the port 4 data direction 
register. Internal pullup resistors allow the port to directly 
interface with CMOS at5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 


Port 4 In Expanded Non-Multiplexed Mode 

Port 4 is configured from reset as an 8-bit input port, 
where the port 4 data direction register can be written to pro- 
vide any or all of eight address lines, AO to A7. Internal 
pullup resistors pull the lines high until the port 4 data direc- 
tion register is configured. 


Port 4 In Expanded-Multiplexed Mode 

In all expanded-multiplexed modes except mode 6, port 4 
functions as half of the address bus and provides A8 to A15. 
In mode 6, the port is configured from reset as an 8-bit 
parallel input port, where the port 4 data direction register 
can be written to provide any or all of upper address lines A8 
to A15. Internal pullup. resistors. pull the lines. high until the 
port 4 data direction register is configured, where bit 0 con- 
trols A8. 


RESIDENT MEMORY 


The MC6801 provides 2048 bytes of on-chip ROM and 128 
bytes of on-chip RAM. 

One half of the RAM is powered through the Vcc standby 
pin and is maintainable during Vcc powerdown. This stand- 
by portion of the RAM consists of 64 bytes located from $80 
through $BF. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM control register. 


RAM CONTROL REGISTER ($14) 

The RAM control register includes two bits which can be 
used'to control RAM accesses and determine the adequacy 
of the standby power source daring powerdown operation. 


‘It is intended that RAME be cleared and STBY PWR be set 


as part of a powerdown procedure. . 
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RAM CONTROL REGISTER 


7 6 5 4 3 2 1 0 
STBYJRAME] X xX X X X X 
PWR 


Bit 0-5 
Bit 6 RAME 


Bit 7 STBY PWR 








Not used. 


RAM Enable. This read/write bit can 
be used to remove the entire RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 
standby power is available on the posi- 
tive edge of RESET. If RAME is clear, 
any access to a RAM address is exter- 
nal. .If RAME is set and not in mode 3, 
the RAM is included in the internal 
map. 

Standby Power. This bit is a 
read/write status bit which, when 
once set, remains set as long as Vcc 
standby remains above Vsgp (mini- 
mum). As long as this bit is set follow- 
ing a period of standby operation, the 
standby power supply has adequately 
preserved “the data in the standby 
RAM. If this bit is cleared during a 
period of standby operation, it indi- 
cates that Vcc standby had fallen to a 
level sufficiently below Vspp (mini- 
mum) to suspect that data in the 


standby RAM is not valid. This bit can 
be set only by software and is not af- 
fected during reset. 


PROGRAMMABLE TIMER 


_The programmable timer can be used to perform input 
waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several micro- 
seconds to many seconds. A block diagram of the timer is 
shown in Figure 22. 


COUNTER ($09:0A) 

The key timer element is a 16-bit free-running counter 
which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
($09) will preset it to $FFF8. This feature, intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all ones. 


OUTPUT COMPARE REGISTER ($0B:0C) 

The output compare register is a 16-bit read/write register 
used to control an. output waveform or provide an arbitrary 
timeout flag. It is compared with the free-running counter on 
each E cycle. When a match occurs, OCF is set and OLVL is 
clocked to an output level register. If port 2, bit 1, is con- 
figured as an output, OLVL will appear at P21 and the output 
compare register and OLVL can then be changed for the next 


FIGURE 22 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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compare. The function is inhibited for one cycle after a write 
to its high byte ($0B) to ensure a valid-compare. The output 
compare register is set to $FFFF at RESET. 


INPUT CAPTURE REGISTER ($0D:0E) 


The input capture register is a 16-bit read-only register 
used to store the free-running counter when a.‘‘proper’’ in- 
put transition occurs as defined by IEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
senses P20 even when configured as an output. An input 
capture can occur independently of ICF: the register always 
‘contains the most current value. Counter transfer is in- 
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E cycles to 
ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTER ($08) 


The timer control and status register (TCSR) is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 


be written. The three most-significant bits provide the timer . 


status and indicate if: 
@ a proper level transition has been detected, 


® a match has occurred between the free-running 
counter and the output compare register, and 


@ the free-running counter has overflowed. 


Each of the three events can generate an [RQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER (TCSR) © 





Bit 0 OLVL Output Level. OLVL is clocked to the 
output level register by a successful 
output Compare and will appear at-P21 
if bit 1 of the port 2 data direction 


register is set. It is cleared during reset. 
Input Edge. IEDG is cleared during 
reset and controls which level transi- 
tion will trigger a counter transfer to 
the input capture register: 

1EDG =0 Transfer on a negative-edge 
IEDG=1 Transfer on a positive-edge. 
Enable Timer Overflow Interrupt. 
When set, an I[RQ2 interrupt is enabled 
for a timer overflow; when clear, the 
interrupt is inhibited. It is cleared dur- 
ing reset. 

Enable Output Compare Interrupt. 
When set, an IRO2 interrupt is enabled 
for an output compare; when clear, 
the interrupt is inhibited. It is cleared 
during reset. 
Enable Input Capture Interrupt. When 
set, an IRQ2 interrupt is enabled for an 
input capture; when clear, the inter- 
rupt is inhibited. It is cleared during 
reset. 


Bit 1 EIDG 


Bit 2 ETO! 


Bit 3 EOCI 


Bit 4 EICI 


Bit 5 TOF Timer Overflow Flag. TOF is set when 
the counter contains all ones. It is 
cleared by reading the TCSR (with 
TOF set) then reading the counter high 


byte ($09), or during reset. 


Output Compare Flag. OCF is set 
when the. output compare register 
matches the free-running counter. It is 
cleared by. reading the TCSR (with 
OCF set) and then writing to the out- 
put compare register ($OB or $OC), or 
during reset. 

Input Capture Flag. ICF is set to in- 
dicate a proper level transition; it is 
cleared by reading the TCSR (with ICF 
set) and then the input capture register 
high byte ($OD), or during reset. 


Bit 6 OCF 


Bit 7 ICF 


SERIAL COMMUNICATIONS INTERFACE (SCI) 


A full-duplex asynchronous serial communications inter- 
face (SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space {NRZ) and Bi- 
phase and both provide one start bit, eight data bits, and one 
stop bit. ‘“Baud’’. and ‘bit rate’ are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In a typical serial loop multi-processor configuration, 
the software protocol will usually identify the addres- 


- see(s) at the beginning of the message. In order to per- 


. mit uninterested MPU’s to ignore the remainder of the 


message, a wake-up feature is included whereby all fur- 


~_ ther SCI receiver flag (and interrupt) processing can be 


inhibited Until its data line goes idle. An SCI receiver is 


* re-enabled by an idle string of eleven consecutive ones 


or during reset. Software must provide for the required 
idle string between consecutive messages and prevent 
it within messages. 
PROGRAMMABLE OPTIONS 
- The following features of the SCI are programmable: 
@ format: standard mark/space (NRZ) or Bi-phase 
@ clock: external or internal bit rate clock 
@ Baud: one of four per E clock frequency, or external 
clock (x 8 desired baud) 
@ wake-up feature: enabled or disabled 
@ interrupt requests: enabled individually for transmitter 
and receiver 
@ clock output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS REGISTERS 

The serial communications interface includes four ad- 
dressable registers as depicted in Figure 23. It is controlled 
by the rate and mode control register and the transmit/ 
receive control. and status register. Data is transmitted and 
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received utilizing a write-only transmit register and a read- 
only receive'register. The shift registers are not accessible to 
software. 


Rate and Mode Control Registers (RMCR) ($10) 

The rate and mode control register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least-significant 
bits control the bit rate of the internal clock and the remain- 
ing two bits control the format and clock source. 


RATE AND MODE CONTROL REGISTER (RMCR) 


7 6 5 4 3 2 1 0 

Bit 1:BitO — $S1:SSO Speed Select. These two 
bits select the baud rate when using 
the internal clock. Four rates may be 
selected which. are a function of the 


MCU input frequency. Table 6 lists bit 


time and rates for three selected’ MCU 
frequencies. "3 , 
~C€C1:CCO Clock Control and Format 
Select. These two bits control the for- 
mat and select the serial Clock source. 
If CC1 is set, the DDR value for P22 is 
forced to the complement of CCO and 
cannot be altered until CC1 is cleared. 
‘If CC1 is cleared after having been set, 
its DDR value is unchanged. Table 7 
defines the formats, clock source, and 
use of P22. : : 


Bit 3:Bit 2 


If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8X) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+10%).:If CC1:CCO=10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


NOTE: The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter 
can disturb serial operations. | 


FIGURE 23 — SCi REGISTERS 
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Transmit/Receive Control And Status Register 
(TRCSR) ($11) 

The. transmit/receive control and status register controls 
the .transmitter,. receiver, wake-up feature, and two in- 
dividual interrupts and monitors the status of serial opera- 
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 





TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) 


7 6 5.4 3 2 1 ie) 
noneonre|rone] mie | ee [re | te [wu | soon 


Bit O WU “Wake-up” on Idle Line. When set, 
WU enables the wake-up function; 
it is cleared by eleven consecutive 
ones. or during reset. WU will not 


set if the line is idle. 


Transmit Enable. When set, P24 DDR 
bit is set, cannot be changed, and will 
remain set if TE is subsequently 
cleared. When TE is changed from 
clear to set, the transmitter is con- 
nected to P24 and a preamble of nine 
consecutive ones is transmitted. TE is 
cleared during reset. 

Transmit Interrupt Enable. When set, 
an IRQ2 interrupt’ is enabled when 
TDRE is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 
Receive Enable. When set, the P23 
DDR bit is cleared, cannot be chang- 
ed, and will remain clear if RE is subse- 
quently cleared. While RE is set, the 
SCI receiver is enabled. RE is leated 
during reset. 

Receiver Interrupt Enable. When set, 
an IRQ2 interrupt’ is’ enabled when 


Bit1 TE 


Bit 2 TIE 


Bit 3 RE 


Bit 4 RIE 





Bit 5 TDRE 


Bit 6 ORFE 


' Bit 7 RDRF 


TABLE 6 — SCI BIT TIMES AND RATES 


26 ys/38,400 Baud 


208 ys/4,800. Baud 
1.67 ms/600 Baud 
6.67 ms/150 Baud 


16 ys/62,500 Baud 
128 ys/7812.5 Baud 


1.024 ms/976.6 Baud 
4.096 ms/244.1 Baud 


RDRF and/or ORFE is set; when clear, 


_ the interrupt is inhibited. RIE is cleared 


during reset. 

Transmit Data Register Empty. TDRE 
is set when the transmit data-register is 
transferred to the output. serial. shift 
register or during reset. It is cleared by. 
reading the TRCSR (with TDRE set) 
and then writing to the transmit data 
register. Additional data. will be 
transmitted only if TORE. has been 
cleared. 

Overrun Framing Error. If set, ORFE in- 
dicates either an overrun or framing er- 
ror. An overrun is a new byte ready to 
transfer to the receiver data register 
with RDRF still set. A receiver framing 
error has occurred when the byte 
boundaries of the bit stream are not 
synchronized to the bit counter. An 
overrun can be distinguished from a 
framing error by the state of RDRF: if 
RDRF is set, then an overrun has oc- 
curred; otherwise a framing error has 
been detected. Data is not transferred 
to the receive data register in an over- 
run condition. Unframed data causing 
a framing error is transferred to the 
receive data register. However, subse- 
quent data transfer is blocked until the 
framing error flag is cleared. * ORFE is 
cleared by reading the TRCSR (with 
ORFE set) then the receive data 
register, or during reset. 

Receive Data Register Full. RORF is 
set when the input serial shift register 
is transferred to the receive data 
register. It is cleared by reading the 
TRCSR (with RDRF set), and then the 
receive data register, or during reset. 


[| 4.9152 MHz 
13.0 ps/76,800 Baud 
104.2 ns/9,600 Baud 
833.3 ps/1,200 Baud 

3.33 ms/300 Baud 





* External a 13.0 ys/76,800 Baud 8.0 ws/125,000 Baud 6.5 ys/ 153,600 Baud 


* Using maximum. clock rate 


TABLE 7 — SCi FORMAT AND CLOCK SOURCE CONTROL 










Internal 
Internal 
Internal 
External 





Clock Port 2 


Not Used 
Not Used 
Output 
Input 





* Devices made with mask number M5G, M8D, and T5P do not transfer unframed data to the receive data register. 
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SERIAL OPERATIONS 


“The SCI is initialized by writing control bytes first to the 
rate and mode control register and then to the transmit/ 
receive control and status register. When TE is set, the out- 
put of the transmit serial shift register is connected to P24 
and serial output is initiated by transmitting a 9-bit Preamble 
of ones. 

At this point one of two situations exist: 1) if the transmit 
data register is empty (TDRE=1), a continuous string of 
ones will be sent indicating an idle line, or 2) if a byte has 
been written to the transmit-data register (TDRE=0), it will 
be transferred to the output serial shift register (synchroniz- 
ed with the bit rate clock), TDRE will be set, and transmis- 
sion will begin. 

The start bit (0), eight data bits (beginning with bit 0) and a 
stop bit (1), will be transmitted. If TDRE is still set when the 
next byte transfer should occur, ones will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a one is sent. 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SC! data formats are il- 
lustrated in Figure 24. 


INSTRUCTION SET 


The MC6801/03 is upward source and object code com- 
patible with the MC6800. Execution times of key instructions 
have been reduced and several new instructions have been 
added, including a hardware multiply. A list of new opera- 
tions added to the MC6800 instruction set is shown in Table 
1. 

In addition, two new special opcodes, 4E and 5E, are pro- 
vided for test purposes. These opcodes force the program 
counter to increment like a 16-bit counter, causing address 
lines used in the expanded modes to increment until the 
device is reset. These opcodes have no mnemonics. 

The coding of the first (or only). byte corresponding to an 


executable instruction is sufficient to identify the instruction 
and the addressing mode: The hexadecimal equivalents. of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing; are shown in 
Table 8. There aré 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


PROGRAMMING MODEL : 

A programming model for the MC6801/03 is shown in 
Figure-10. Accumulator A can be concatenated with ac- 
cumulator B and jointly referred to as accumulator D where 
A is the most-significant byte. Any operation which modifies 
the double accumulator. will also modify accumulator A 
and/or B. Other registers are defined as follows: 

Program Counter — The program counter is a. 16- bit 
register which always points to the next instruction. 

Stack Pointer — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/puilup (LIFO) queue. The stack resides in ran- 
dom access memory at a location defined by the program- 


mer. 


Index Register — The. index register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 

Accumulators — The'MPU contains two 8-bit accumu- 
lators, A and B, which are used to store operands. and results 
from the arithmetic logic unit (ALU). They can also be con- 
catenated and referred to as the D (double) accumulator. 

Condition Code Registers — The condition code register 
indicates the results of an instruction and includes: the 
following five condition bits: negative (N), zero (Z), overflow 
(V), carry/borrow from MSB (C), and half carry from bit 3 
(H). These bits are testable by the conditional branch in- 
structions. Bit 4 is the interrupt mask (| bit) and inhibits all 
maskable interrupts when set. The two unused bits, B6.and 
B7, are read as ones. 


FIGURE 24 — SCI DATA FORMATS 
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ADDRESSING MODES 


Six addressing modes can.be used to reference mem- 
ory. Asummary of addressing modes for all instructions 
is present in Tables 9 through 12, where execution times 
are provided. in E cycles. Instruction execution times are 
summarized-in Table 13.:With an input frequency of 4 
MHz, E cycles are equivalent to microseconds. A cycle- 
by-cycle description of bus activity for each instruction 
is provided in Table 14 and a description of selected 
instructions is shown in Figure 25. , 

immediate Addressing — The operand or “immediate 
byte(s)’ is contained in the following byte(s) of the in- 
struction where the number of bytes matches the sizé 
of the register. These are two or three byte instructions. 

Direct Addressing — The least-significant byte of the 
operand address is contained in the second byte of the 
instruction and.the most-significant byte is assumed to 
be $00. Direct addressing allows the user.to access $00 
through $FF using two byte instructions and execution 
time is reduced by eliminating the additional memory 
access. In most applications, the 256-byte area is re- 
served for frequently referenced data. 


Extended Addressing — The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions. - 

indexed Addressing — The unsigned offset contained 
in the second byte of the instruction is added with carry 
to the index register and used to reference memory 
without changing the index register. These-are two byte. 
instructions. 

Inherent Addressing — The operand(s) are registers 
and no.memory reference is required. These are single 
byte instructions. . 

Relative Addressing — Relative addressing is used 
only for branch instructions. If the branch condition is 
true, the program counter is overwritten with the sum. 
of a signed single byte displacement in the second byte 
of the instruction and the current program counter. This 
provides a branch range of — 126 to +129 bytes from 
the first byte of the instruction. These are two ‘byte in- 
structions. — 


‘TABLE 8 — CPU INSTRUCTION MAP 


MNEM’ MODE MNEM MODE # 1OP. MNEM MODE 


a 


DES . 
TXS 
PSHA 
PSHB 
PULX 
RTS 

” ABX 
RTI 
PSHX 
MUL 
WAI 
sw! 


INHER 


noe INHER 2 1 


WAT WwW ww w 


NHYSAS 


ASR 
ASL 
ROL 
DEC 
es 

INC 
TST 
JMP 
CLR 
SUBA 


MM NMNMNNNNYWWH HY WW’ 


EXTND 
iMMED 


CMPA 


SBCA 


SUBD 
“ANDA 


BITA 
LDAA 


° 


EORA 


CPX 
BSR 
LDS 


> SUBA 


SBCA 
SUBD 


‘BITA 
LDAA 
STAA 
EORA 


COM 
LSR 
e 
ROR 
ASR 


PRWWWWWWWHWWWWWWW Www 
KH SHH KH NUNYNNHNNNNHNNNNNNN 


INDxO 


NOTES: 1. Addressing Modes 
INHER = Inherent 


REL =Relative 


INDXD =Indexed 
EXTND Extended DIR =Di 


ADCA 
ORAA 
AODDA 


CMPA * 


ANDA 


ADCA 


ORAA 
ADDA 





rect 


MNEM MODE MNEM MODE 


SUBB DIR 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 

LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 
LDD 

STD 
LOX 

STX 

SUBB 
-CMPB 
SBCB 
ADDD 
ANDB 
BITB 

LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 
LOD 

STD 

LDXx 

STX 

SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 

LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 
LDD 

STO 

LOX 

STX 


a 
t 


# 
2 
2 
2 


DIR 
INDXD 


fon 
w 


“D 
w 


MAAHAD 


WW Www 


NVNNANNNAWAD 
NNN WNHNH NH W WO WH WH 


WORANNNN 
WNHWNHNNN 


# 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
3 
2 
2 
2 


NNN HFHHH AA HAHAA LAA AHH AMAHAAGUADAV HAA HDL A AH AA DHEA HHS BRO 


aonnnkhRa DS Ra KH KAM HA ANAT A HA AK EKA DAHA HA DS AWWWWW WWW OW WwW 
WWWWWWWWWWWWWWWWNKHNHYNYNNYNNNNNNNNNNNNNYNNYNNNNNNN NN DAD fe 


EXTND 


WNNNNY 


* UNDEFINED OP CODE 


WWWWWWWWOAW WwW Ww 
wn 


NNNNNNNNN NN LH 


t{MMED =Immediate 


2. Unassigned opcodes are indicated by ‘‘®’’ and shouid not be executed. 
3. Codes marked by ‘’T’’ force the PC to function as a 16-bit counter. 
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TABLE 9 — INDEX REGISTER AND.STACK MANIPULATION INSTRUCTIONS 


Pointer Operations 































Pointer Opera oo] =| #| Go]-| Foo] -]F [oe] [Fo] —[#] artnet rate Pw fz [vc] 
[Compare index Register crx Jac] a] cfs] [acto] 2facfe|s| | | [x-wmer T+ [| #/t}d] 1 
Decrement index esiser fox! {1 | [|] 11] 1] leteimx iP Ptr 
[Decrement Stax Poiner foes {P| ~ >] >}. 1] [ealipsime Pp 
Fineroment index Resister fx? 1) 1] ) 1111) lest peae Petter 
Finerement Stack Panter J wsJ-1 1] 111111 [1 lets se PP 
Food index Register | vox [ee|s} 3] oe[a| eels] a[refo[ay | | [w—ngimen—x Te [ef tT] Ale 
Loss Stack Pointer | us fefafa[ocfa[2fac{so[ec[sfs} | | [w—sryimen—sa [|| t[t ale) 
sx] { forfelferls]2terfsfat | | puma orn [ef ttyale 
[Store Stck Porter | sis | |] [erle|}ar[s}o)erts{s| | | |sen—msa—imeo |e [e|t [tale 
Findexfeg—stearone Ios} TT] 11] [11 [| (eehposs Peer 
A A dC 
8 OO OO) ec 

Push Data PSHX 3c} 4 XL —> Msp.SP-1—> SP 
en PTT ETT gare Pe 
Pull Data PULX SP+1—~ SP,Msp— Xy 
Pee ott ee 


ET EE EG Pe 


TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 


| 
To}. Boolean [5 [4[3[2]1[o | 
Expression PH{t [NI] z{vi{c | 

















foe] - [#t Se] | Foe] -] # fowl - Te fool - [7] 
Moines: — Sane tk tetols eeeen ei 
ya a (ET lO YS 
am raocalea]2 [2] [at 2telalzleletal | | larwecma TEETH 

| fancalca]2 [2oofafateatafateletst | | leemecma Tt Itit nt 
er raooafeat2 [2[ee[a{ataelalafealetat To [aaa TE TT 
= raonelce}2 [2foa|a|2leal|2lralefalt [| le-m—=a_ TEP tty 
Raa Doubs Jano fafa fafa sf [elztelelaL LL jo-maet =o EE © 
fet papal tecialeleteedatay FY averse Oe ated 
aes ranoaloef2 f2foets|ateataqaleelelat_| | few—=a Teh Teele] 
Shift Left, Arithmetic ASL. | | |] J] J fesfef2laleis} [| pas Pe (Tit t[ty 
mato LeeLee siz SL) oe ee 
ts an ass LILLE LLL se? © fete qt Tite 
isntishGume “se (asl io) ok lei ee 
Shift Right, Arithmetic ;asr {| | [| .[. | ] fez je} le }3} | | ae 
on fs Leb) Coos een 
: rasal TTL Lebel. eet 
pation faa te fat a ates eat Pf tee Te ee 
_ airs fesf2 fafostsfafeiei2tslalst_ tb lem Te et te 
a A A A 0 
Gear rar TCT ertele tele ie 1} Jom Te es] 
fee CCT oon 
are TITLE LLIELLE bre bp lo=s TS 
Compare 5 CMPA 14 | 4 [3 | | fe fo ft | 
a ALLL Pee 
Tenet recom TT Lot ene races 
| ©, Neem bok boi wa ele 
eons TELE EL Et I rates 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 


Condition Codes 


a 
Q. 

£ 
¢ 


.. Accumulator and 


Expression 


[Adi binary sumioBcD | « [ «| 


xB—D 


Mime 
(CAEN: a 8 dT 


B+17-*B 
B+M—>B 


Elid See eee Se 


2 ! 


<6 
4 ! : [oO] ° ‘ 
ao = <x . 
i ERG SASEESE REE EeSeces 
Is} fete? TT Tete? TTT tstsfel Tetsfef)]t [eteey [fo 
fo?) -oh-¢ OO Ye} a oO (a! orm ja) 
si] tsis] | [ isist | 1] Jslals) |sfsa|9) s| [|e 3 efel [sie 
fa GG Gd oft fol TT felofololofofofof FE felt | 
Ly fel Tt tstsfet TD istsfofe( TT Tel TTT Tel TE TsISP TT fe 7 ye 7 Je} is[<fols [soft Teoh 7] 
©] 0 olOla ° <x : alatayn rove) 
8] Js] fefelel T fsfefefel TT le} Ty ret T [ale al | le alelslelelsfelal | fe 
et test TP fefetsT iT tefsistet CT ist Ts step sy fel eisists|s}syefet Tpef 7] 
Pet fel | siete TR fsfet TT Tel TTT el eye) fel Tel Sify efel 7 fel | 
<t eo) [s) ololo ft NENTS 
S| |é) < © tpefw t| a al Oye 
NTN N NEN N 


s|s|s 
ria ttlt 
Lj ao] tj] alaj t 
Pee 


| | [me 
[3[1[p—stack fe tote defers | 


jz] a fa fswck=a de fe fe [odode | 
| fssfati [stacks To fo To fo Le | 
= 
(| —UO0U 9 
b7 
-M-C—*B 


[-[#] 
| fasta |i | 


” st NN 


37 
| sf 2] | 
} | 


Pete ST aie apa shes] Tala 1 JE ess) Seeds aD fee os | Se 01 es |e fe 
ee Vs ah leit ele See Sun | Pea ae ee oe cial ele lla) 
QO pa QT Qi 
Sete es ss ei as 8] 8 


Ijoia <t}oj,o <|a Llaolc)oj;acio <j) oo <<} am <j a}cq)a <j o}a <I) a 

3) al al 31/5/1515] 21818] 2/S1| £15 /5|3/3] Slsl3|Sis/s| s/2/8/</</2/ 2/8] 2] 2) sale) 5 
é Ala a vw} ao HIS a 

~) 3) 3) 5) 2) 5) 5) 5)2)4) 2) 2) 4 ofolejelelapcjecle ElcI/PfnlanlafofP]alajparryrirfeye 


The condition code register notes are listed after Table 12. 


Memory Operations 


Exclusive OR | 
Load Accumulators 


Decrement 
Increment 





Load Double 

Logical Shift, Left 

Shift Right, Logical 
Multiply 

2's Complement {Negate) 
No Operation 

Inclusive OR 

Push Data 

Rotate Left 

Rotate Right 

Subtract Accumulator — 
Subtract with Carry 
Store Accumulators 
Subtract 

Subtract Double 
Transfer Accumulator _ 
Test, Zero or Minus 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 



















ae 2 are eee 
ed Relative Inherent 5 [4] 3] 2] 1] 0} 
Operations foe] =| #[ Op] ~] # [Oe] ~] F]On] ~] #] On] ~] #1] Branch Test ATTN TZ] VIC} 
[Branch Aways «sj BRAL *{ | faotstay | TT Pty ty [Noe ‘tetefe fete] 
[Branch Never =~ BAN {| | (mfsteP | Tt}. tI [Noe Te |ele[ele] 
[ranch if Garry Gear | acc] | | (mfaf2| | t11] 1} ie-o Je|-|-]e}-y* 
[Branch itary set} ecs| | | jatsfa| | {| ]11 1] |e _\-F-l lel [-] 
[Branch it=zeo———SCi«idt EO] | | favfat2) | | | | | 1 {4 (z= etete tele |e] 
sce} Tf pclstat | 7 | 1111] Ine@v-o PEE EEE] 
[Brancnift>zero +f sett {| jetst2y || | 11] 1) ieweueo  [e[ei-[-[ele 
[Branch if Higher | BHI | OT | feetsf2t | PP TTT TT [c+z=-0 de Te [ee [ee 
[Branch if Higher orSame | BHS | | [ faa[sfot [ [| TTT Tt fce-o Te fe [eT eee] 
etl) lriset tt Pitt iweuer  (-lelellele 
[Branchifcarysee | eo] || jatst2; ||] 11111 (o= Gogg 
[Branch Lower Orsame | es{| | 1 jaisj2| |) 1 |.) .] jeer (lele[ele le 
feranchit<zeo Si mt | | | (fste} FT | Tt] || Neve) te fe(- [ete [e] 
feranchifwines ‘fem || jstat2] ||| |] ft] inet Jefe |e lel [*] 
[Branch Not Equal Zero} ane] | | jsfat2} | {| 11111 eo BOnooo 
Faranch Overflow Clear} ave | | | jaslaj2| | | | | ||| v=o BORG 
avs| 11 jalsj2) | 1) 11) pe GoGo 
ec | || jafsfet 1111111] iyqo CACHE CHD 
[Branch To Subroutine {esa | {| feofel2/ |||] 11]111 GoGo 
fume SSSS~id me TE fees pels ist td Perry] 
[ump To Subroutine | vsh foojs|2] | | jadfe{2(soje[s, | |_| poOgnoo 
A A Occ 
PRetuin Frominterupe tam? || 1111 1)11 1 (spolr LARALALEAE! 
[Retum From Subroutine FATS |_| 1 | 11] 11] 1] [29 [5] * [see Special Operations Figue fe [> f+ [+ [> [°] 
Software interupt | SW TT TT TT TT TT fe frat le [se }e [ote] 
I PEPE Ey 










ras ]2tifo 





SE 
TA 


LEGEND ; CONDITION CODE SYMBOLS 





a n 
mo) m 
Pjpol< 


Op Operation Code (Hexadecimal) H_ Half-carry from bit 3 
~ Number of MPU Cycles 1 Interrupt mask 
Msp: Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 
# Number of Program Bytes Z Zero (byte) 
+ Arithmetic Pius V Overflow, 2's complement 
- Arithmetic Minus C Carry/Borrow from MSB 
® Boolean AND R_ Reset Always 
X Arithmetic Multiply S Set Always 
+ Boolean Inclusive OR { Affected 
® Boolean Exclusive OR © Not Affected 
M Complement of M 
— Transfer Into 
0 Bit=Zero 
00 Byte=Zero 
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES 


ADDRESSING MODE ADDRESSING MODE 















immediate 








Indexed 
‘Inherent 







{ Immediate 






- 
5°) ¢ 
@ o 
P4 i“ 
C) © 
3S £ 
£ £ 


@ 
‘e 
4 
4 
6 
4 
6 


Anna ow @ | Extended 
©0000 @ @ | Relative 





eee e eee [mit 


AnH Aw @ 









©9888 OH Wid @O@@wWN 





NNGAAHRWOINNGWNWH 


WAWWWW WI WWW @ Ww WlW WWW Ww © 


WO0C0C0CC0CC O88 O88 CEHWO8 


S 
® 
3 
ec 
x 
Ww 
; e 
: e 
: 4 
4 
6 
4 
6]. 






O@rnnNN 


WE OWWNHNEBNH 












CONC CCOShOINC 0888 


O@DHhOODODD 
On OODEDD®D 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information 
present on the address bus, data bus, and the read/write 
(R/W) tine during each cycle of each instruction. 

The information is useful in comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 


per instruction. In general, instructions with the same ad- 
dressing mode and number of cycles execute in.the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data bus ex- 
cept in mode 0. “High order’ byte refers to the most- 
significant byte of a 16-bit value. 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Address Mode and Cych R/W 
Instructions Cycles} # Address Bus Line Data Bus 


IMMEDIATE : 
Opcode Address 
Opcode Address + 1 


Opcode Address 


Opcode Address + 1 
Opcode Address + 2 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address Bus FFFF 


DIRECT 

Opcode Address 
‘Opcode Address + 1 
Address of.Operand 


Opcode Address 

Opcode Address + 1 
Destination Address 
Opcode Address 

Opcode Address+ 1 
Address of Operand 
Operand Address + 1 


Opcode Address 


Opcode Address + 1 
Address of Operand 
Address of Operand+ 1 


Opcode Address 
Opcode Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 

Stack Pointer — 1 


acer eee oe 


|| 


Opcode © 
Operand Data 


Opcode : 
Operand Data (High Order Byte) 
Operand Data (Low. Order Byte) 
Opcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 





Opcode : 
Address of Operand 
Operand Data 


Opcode 

Destination Address 

Data from Accumulator 

Opcode 

Address of Operand : 
Operand Data (High Order Byte} 
Operand Data (Low Order Byte) 


Opcode 

Address of Opérand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data {Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5} 


R/W 
Address Bus © Line Data Bus ; 





Address Mode and Cycle 
Instructions ~ Cycles| # 





EXTENDED 


OnbwWNn— 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


Opcode Address 

Opcode Address + 1 
Opcode Address + 2 
Address of Operand 


Opcode Address 

Opcode Address + 1 

Opcode Address + 2 

Operand Destination Address 


Opcode Address 
Opcode Adaress + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand+1 
Opcode Address 
‘Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer—1 





Opcode 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 
Opcode 

Address of Operand 

Address of Operand (Low Order Byte) 
Operand Data 


Opcode 

Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator | 


Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 

Opcode 

Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Low Byte of Restart Vector 

Opcode 

Address of Subroutine-(High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF: 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line ' Data Bus " 


INDEXED 

Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Operand Data 


PWN |] WON = 


Opcode Address Opcode 

Opcode Address+1 | Offset 

Address Bus FFFF Low Byte of Restart Vector 
tndex Register Plus Offset Operand Data 


Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Operand Data (High Order Byte) 
Index Register Plus Offset+ 1 Operand Data (Low Order Byte) 


‘| Opcode Address Opcode 
Opcode Address + 1 Offset . . 
Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Operand Data (High Order Byte) 
Index Register Plus Offset+1 Operand Data (Low Order Byte) 


Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Current. Operand Data 
Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset New Operand Data . 


Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus: FFFF Low Byte of Restart Vector 
Index. Register + Offset : Operand Data (High Order Byte) 
Index Register + Offset+ 1 Operand Data {Low Order Byte) 
Address Bus FFFF Low Byte of Restart Vector 


Opcode ‘Address a Opcode 

Opcode Address + 1 Offset 

Address. Bus FFFF Low Byte of Restart Vector 

Index Register + Offset First Subroutine Opcode 

Stack Pointer Return Address {Low Order Byte) © 
Stack Pointer-—1 ~ Return Address (High Order Byte) 


1 
2 
3 
4 
1 
2 
3 
4 
5 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 





* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= SFFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Opcode Address. 
‘Opcode Address + 1 


Opcode Address 
Opcode Address + 1 
Address. Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 


Cycle R/W 
Cyclés] # © Address Bus Line 


Previous Stack Pointer Contents 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address. 
Opcode Address + 1 
Stack Pointer 


Opcode Address - 
Opcode Address + 1 


Stack Pointer 
Opcode Address 
Opcode Address + 1 © 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Opcode Address 
Opcode Address +. 1 
Stack Pointer 


‘Stack Pointer—-1 


t Opcode. Address © 


Opcode Address + 1 
Stack Pointer 
Stack Pointer +1 
Stack Pointer + 2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer +2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer —2 
Stack Pointer — 3 
Stack Pointer —4 
Stack Pointer—5 
Stack Pointer —6 





1 
1 
1 
1 
1 
1 
: 7 
1 
1 
1 
1 
1. 
1 
1 
0 
1 
1 
1 
: 1 
yd 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 






Opcode 
Opcode of Next Instruction 


Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Opcode ; 
Opcode of Next Instruction 
Irrelevant Data 


Opcode ; 
Opcode of Next Instruction 
Low Byte of Restart Vector 
Opcode 

Opcode of Next Instruction 
Accumulator Data 


Opcode 

Opcode of Next Instruction 
Irrelevant Data 

Opcode . 

Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 

Opcode: of Next Instruction 
Irrelevant. Data 

Operand Data from Stack 
Opcode : 
Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Opcode < 3h 
Irrelevant Data 

Irrelevant Data 

Index Register (High Order Byte) 
Index Register (Low Order Byte) 


Opcode 

Irrelevant Data 

Irrelevant Data 

Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 


Opcode 

Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 


MOTOROLA MICROPROCESSOR DATA 


3-126 








Address Mode and 
Instructions Cycles 


INHERENT 





MC6801/6803 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Cycle] . R/W 
#] © Address Bus Line Data Bus 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 


SODNANFWNH 


SODNAONERWN = 


Opcode Address 


Opcode Address + 1 


Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 


Opcode Address + 1 


Stack Pointer 

Stack Pointer +1 
Stack Pointer +2 
Stack Pointer +3 
Stack Pointer+4 
Stack Pointer+5 
Stack Pointer +6 
Stack Pointer+7 


Opcode Address 


Opcode Address + 1 


Stack Pointer 


‘Stack Pointer—1 


Stack Pointer —2 
Stack Pointer—3 
Stack Pointer—4 
Stack Pointer—5 
Stack Pointer—6 
Stack Pointer—7 


Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 


Opcode Address 


Opcode Address + 1 
Address Buss FFFF 


Opcode Address 


Opcode Address + 1 


Address Bus FFFF 


Subroutine Starting Address 


Stack Pointer 
Stack Pointer — 1 


Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

Irrelevant Data. 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High. Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode 

Irrelevant Data ; 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Condition Code Register 
Irrelevant Data 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


Opcode : 
Branch Offset 
Low Byte of Restart Vector 


Opcode | ; 

Branch Offset 

Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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JSR, Jump to Subroutine 


Main Program 


$9D= JSR 


K = Direct Address 


Main Program 


$AD=JSR 
INDXD K = Offset 





Next Main Instr. 


Main Program 
Pc 


BSR, Branch To Subroutine 


EXTND 





Main Program 











RTS, Return from Subroutine Subroutine 


PC $39= RTS 


Legend: 


eS 


SP 


9 (see Stack 
ahs ei 
ap Stack 
eee 
sper | URTNG 
> seva[ AIM 





FIGURE 5 — SPECIAL OPERATIONS 


Stack 


RTNy 
RTNL 


RTN= Address of next instruction in Main Program to be executed upon return from subroutine 


RTNy = Most significant byte of Return Address 
RTN_ = Least significant byte of Return Address 
—> = Stack Pointer After Execution 

K =8-bit Unsigned Value 


SWI, Software Interrupt 
PC 
RTN 


Main Program 


$3F = SWI cy 


WAI, Wait for Interrupt Main Program 


$3E = WAI 


RTi, Return from Interrupt 


Interrupt Program 





JMP, Jump Main Program 


K = Offset 





INOAG Extended 


X+K Next Instruction 








Stack 


Condition Code 


index Register (X}4) 


Index Register (X;) 
RTNY 
RTNL 


_ Stack 


Condition Code 
- AcmitrB 


AcmitrA 
Index Register (X}) 
Index Register (X1) . 
RTNW 
RTNL 


Main Program 





$7E=JMP 
KH= Next Address | 









K, = Next Address 
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ORDERING INFORMATION 


The following information is required when ordering 
a custom MCU. The information may be transmitted to 
Motorola using the following media: 
MDOS, disk file 
PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, MC68701 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or PC-DOS 
disk file) may be submitted for pattern generation. They 
should be programmed with the customer’s program, 
using positive logic sense for address and data. The 
diskette should be clearly labeled with the customer's 
name, date, project or product name, and the filename 
containing the pattern. 

In addition to the program pattern, a file containing 
the program source code listing can be included. This 
data will be kept confidential and used to expedite the 
process in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk me- 
dia submitted must be a single-sided, single-density, 8- 
inch MDOS compatible floppy diskette. The diskette must 
contain the minimum set of MDOS system files in ad- 
dition to the pattern file. 

The .LO output of the M6801 cross assembler should 
be furnished. In addition, the file must be produced 
using the ROLLOUT command, so that it contains the 
absolute image of the M6801 memory. it is necessary 
to include the entire memory image of both program 
and data space. All unused bytes, including those in the 
user space, must be set in logic zero. 


PC-DOS Disk File 


PC-DOS is the IBM® Personal Computer Disk Oper- 
ating System. Disk media submitted must be standard 
density (360K), double-sided 5-1/4 inch compatible floppy 
diskette. The diskette must contain the object file code 
in Motorola’s S-record format. The S-record format is 
a character-based object file format generated by M6801 
. cross assemblers and linkers on IBM PC style machines. 


EPROMS 


Asingle 2K EPROM is necessary to contain the entire 
MC6801 program. The EPROM is programmed with the 
customer program using positive logic sense for ad- 
dress and data. All unused bytes, including the user’s 
space, must be set to zero. 

If the MC6801 MCU ROM pattern is submitted on a 
single 2516 or 2716 type EPROM, memory map ad- 
dressing is one-for-one. The data space ROM runs from 
EPROM address $000 to $7FF. If an MC68701 is used, 
the ROM map runs from $F800 to $FFFF. 

For shipment to Motoro!a, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styro- 
foam is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, 
are filed for contractual purposes and are not returned. 
A computer listing of the ROM code will be generated 
and returned along with a listing verification form. The 
listing. should be thoroughly checked and the verifica- 
tion form completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To 
aid in the verification process, Motorola will program 
customer supplied blank EPROM(s) or DOS disks from 
the data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask, but are for the 
purpose of ROM verification only. For expediency, the 
MCUs are unmarked, packaged in ceramic, and tested 
with five volts at room temperature. These RVUs are 
free with the minimum order quantity, but are not pro- 
duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type and temperature for the 
MC6801/MC6803. This MCU device is available only in 
the 40-pin dual-in-line (DIP) package in the Cerdip and 
Plastic packages. 


MDOS is a trademark of Motorola Inc. 

MS-DOS is a trademark of Microsoft, Inc. 

EXORciser is a registered trademark of Motorola Inc. 
IBM is a registered trademark of International Business 
Machines Corporation. 


GENERIC INFORMATION 


























Frequency | Temperature | Cerdip Package | Plastic Package 

(MHz) (Degrees C) (S Suffix) e| (P Suffix) 
1.0 0 to 70 MC6801$1 MC6801P1 
1.0 -40 to +85| MC6801CS1 MC6801CP1 
1.25 0 to 70 MC6801S1-1 MC6801P1-1 
1.25 —40 to +85| MC6801CS-1 MC6801CP-1 
2.0 0 to 70 MC68B01S1 MC68B01P1 
1.0 0 to 70 MC6803S MC6803P 
1.0 ~40 to +85 MC6803CS MC6803CP 
1.25 0 to 70 MC6803S-1 MC6803P-1 
1.25 -40 to +85| MC6803CS-1 MC6803CP-1 
2.0 0 to 70 MC68B03S MC68B03P | 
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MC6801/6803: 


” PIN ASSIGNMENT 





VssQ1 @ 40fJe 

XTALD 39f1Sc1 
EXTALO3 38] SC2 
Me 7 NMI 37f] P30 
TROIS 36 {7 P31 
. RESET O6 P32 
Vec G7... : 34[7 P33 
pots 33 [1 P34 
Pago 321] P35 
P22 [10 © 311 P36 
p23Q11.-: 30 [] P37 
p24 [12 291] P40 
P10 13 287] P41 
Pig 27 P42 
P12 15 26 [P43 
P13 Q}16 25pP44 
P14 17 241} p45 
PIS , 23] P46 
- pie fg - 22] P47 
p171]20 -2iVcc 

: : Standby 








MOTOROLA MICROPROCESSOR DATA 
3-130 


MOTOROLA , 
= SEMICONDUCTOR x 


TECHNICAL DATA Mic6801U4 
MC6803U4 


Advance Information 
Microcontroller/Microprocessor (MCU/MPU) 


The MC6801U4 is an 8-bit single-chip microcontroller unit(MCU) that enhances the capabilities of 
the MC6801 and significantly enhances the capabilities of the M6800 Family of parts. It includes an 
MC6801 microprocessor unit (MPU) with direct object-code compatibility and upward object-code 
compatibility with the MC6800. Execution times of key instructions have been improved over the 
MC6800, and the new instructions found on the MC6801 are included. The MCU can function as a 
monolithic microcontroller or can be expanded to a 64K-byte address space. It is TTL compatible 
and requires one +5-volt power supply. On-chip resources include 4096 bytes of ROM, 192 bytes of 
RAM, a serial communications interface (SCI), parallel I/O, and a 16-bit six-function programmable 
timer. The MC6803U4 can be considered an MC6801U4 operating in modes 2 or 3; i.e., those that 
do not use internal ROM. 


@ Enhanced MC6800 Instruction Set 

@ Upward Source and Object Code Compatibility with the MC6800 and MC6801 . 
Bus Compatibility with the M6800 Family 

8x8 Multiply Instruction 

Single-Chip or Expanded Operation to 64K-Byte Address Space 
internal Clock Generator with Divide-by-Four Output 

Serial Communications Interface (SC\). .. 

16-Bit Six-Function Programmable Timer 

Three Output Compare Functions 

Two Input Capture Functions 

Counter Alternate Address. - 

4096 Bytes of ROM (MC6801U4) 

192:Bytes of RAM 

32 Bytes of RAM Retainable During Powerdown 

29 Parallel /O and. Two Handshake Control Lines 

NMI Inhibited Until Stack Load 

~ 40°C to 85°C Temperature Range 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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P47 


P45 
P44 


P42 
P41 
P40 


A7/07 
A6/D6 
A5/D5 
A4/D4 
A3/D3 
A2/D2 
At/D1 
A0Q/DO 
R/W 
AS 


A15 
Al4 
Al3 
Al2 
All 
A10 
Ag 

A8 


Expanded Non-Multiplexed 
| = Single Chip ae na 


MC6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM 





4 tt 
tg ye fs 
SBnk ERE 
>> xwWwlz[Llc 
Expanded Multiplexed MPU 





D7 «1/0 
D5 61/0 2 
D3 1/0 
D2 1/0 
Di 1/0 
ee eae 
R/W O83 In| scl 
1OS 183 
Fe 
A7~—/0 . 
A6 1/0 Address PER 
Port Port PB 
A5 1/0 a ' 
AS /0 
A3 1/0 
A2 1/0 
Al 1/0 
AO 1/0 pegs 
160 x 8 
RAM 


(See Note) 





Vec Standby 





NOTE: No functioning ROM in MC6803U4. 
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P20 
P21 
P22 


r P23 


P24 


P10 
P11 
P12 
P13 
P14 


P15 


P17 


TIN1 
TOUT1 
SCLK 
RDATA 
TDATA 


TIN2 ° 
TOUT2 
TOUT3 


0 


1/0 
0 


1/0 


4/0 


/0 
1/0 


0 


1/0 


“1/0 


1/0 
VO 
1/0 
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MAXIMUM RATINGS 7 

[| Rating | Symbol | Value 

v 

v 
TA 


Operating Temperature Range 





















MC6801U4, MC6803U4 
MC6801U4C, MC6803U4C 











Thermal Resistance 
Plastic 
Ceramic 





POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 


Ty=Tat(Pps 8ya) (1) 
where: 
Ta = Ambient Temperature, °C 
OIA = Package Thermal Resistance, 
_ _  Junction-to-Ambient, °C/W 
PD = Pint+Pport 
PINT  =!cc%XVcc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, Watts — User Determined 


For most applications PportT<P ijt and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if Pport is neglected) is: 
Pp=K=+(Ty+273°C) , (2) 
Solving equations (1) and (2) for K gives: 
. K=Pp* (Ta + 273°C) + 8sarPD? (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 


equilibrium) for a known T,. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
MC6801U4 /MC6801U4-1 
Characteristic Symbol | MC6803U4 | MC6803U4-1 


CONTROL TIMING (Vcc =5.0 V+5%, Vss =0) 


(1) and (2) iteratively for any value of Ta 
| Min | Max] Min | Max J 


Crystal Frequency Oo] 40 20] 50 [Mee 
External Oscillator Frequency . | 4.0 | 2.0 | 5.0 | MHz! 






Crystal Oscillator Startup Time | 100 | — { 100 | ms | 
Processor Control Setup Time ‘00 | — | 170{ — [ns | 
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DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc +5%, Vgg=0, TA=TL to TH, unless otherwise noted): 

MC6801U4, “MCEB0TUSC, 
MC6803U4 —- MC6803U4C... - 
Characteristic Min | Max. [Min Max) Unit 


Input High Voltage RESET | VIH Vss+4.0 Vce ‘Vsgt+4.0 Vcc Vv 
Other inputs* : Vss+2.0 ] Vcc Vsgt2.2]| ..Vcc 



















































Input Low Voriage ATInpUAS* 
Input Load Current Port4 0.5 8. 
Input Leakage Current ug 
(Vin=0 to 5.5 V) NMI, 1RO1, RESET re ae Ss) 
Hi-Z (Off-State) Input Current ; ‘ 
(Vin =0.5 to 2.4 V) Port 1, Port 2, Port 3 
Output High Voltage : : 
(Load= — 65 nA, Vcc= Min) Port4, SC1,SC2 | Voy 
(ILoad= — 100 pA, Vec= Min) Other Outputs Vsst2.4 













Output Low Voltage 
(ILoad= 2.0 mA, Vcc= Min) All Outputs | Vo. 
Darlington Drive Current 
(Vo=1.5V) Port1 |. low. 1.0 | 4.0 
PINT 


Internal Power Dissipation 
(Measured at Ta=T, in Steady-State Operation) * * * _ 
Input Capacitance ; 


(Vin=0, Ta=25°C, Port 3, Port 4, SC1 
fo= 1.0 MHz) Other Inputs 


Vcc Standby Powerdown | VsBB 4.0 5.25 

Powerup | Vsp 4.75 5.25 
Standby Current Powerdown | Isgp =e 
*Except mode programming levels; see Figure 16. 


**Negotiable to — 100 pA (for further information contact the factory). 
***For the MC6801U4/MC6803U4 T; =0°C and for the MC6801U4C/MC6803U4C T =40°C. 





















PERIPHERAL PORT TIMING (Refer to Figure 1-4) 


Characteristics 

















Peripheral Data Setup Time | = | 
Peripheral Data Hold Time | | tepn | 200 | - | - | 
Delay Time, Enable Positive Transition to OS3 Negative Transition 'tospr{: det 350 








Delay Time, Enable Positive Transition to OS3 Positive Transition 


Delay Time, Enable Negative Transition to Peripheral Data Valid 
Port 1 a, a 
‘Port 2, 3, 4 , 


Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid tcMOos oe eee eae 
Input Strobe Pulse Width f= | 
5 


Input Data Hold Time 


Input Data Setup Time aos aie 
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P10-P17 
P20-P24 
P40-P47 
Anputs* 


P30-P37 
Inputs * 


Data Valid - 


*Port 3 nonlatched operation (Latch enable =0) 





Figure 1. Data Setup and Hold Times 
(MPU Read) 


MPU Access of Port.3* 


OS3 





* Access matches output strobe. select (OSS=0, a read; OSS=1, a write) 


All Data 
Port Outputs 


MPU Write 






ie -0.7 Vcc 
Data Valid 


NOTES: ; ; 
1. 10 k pullup resistor required for port 2 to reach 0.7 Vcc - 
2. Not applicable to P21 
3. Port 4 cannot be pulled above Vcc 


Figure 2. Data Setup and Hold Times 
(MPU Write) 


w 


tPWIS 


« Data Valid 





P30-P37 
Inputs 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 3. Port 3 Output Strobe Timing 
(MC6801U4 Single-Chip Mode) 


Test Point a 


T 


30 pF 


Figure 5. CMOS Load 


Figure 4. Port 3 Latch Timing 
(MC6801U4 Single-Chip Mode) 


Vcc 


RL=1.8 k@ 


Test Point MMD6150 


or Equiv. 


MMD7000 
or Equiv. 





C= 90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R=37 kQ for P40-P47, SC1, SC2 
= 24 kQ for P10-P17, P20-P24 
= 24 kQ for P30-P37, E 


Figure 6. Timing Test 
Load Ports 1, 2, 3, and 4 
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BUS TIMING (See Notes.1 and 2, and Figure 7) 


Characteristics 


21 Write Data Hold Time 
Muxed Address Valid Time to E Rise* 
24 Muxed Address-Valid Time to AS Fall* 





* At specified cycle time. 








x 


g eaniedioraad 
Se a , 
~ Otp PO 
mi accross TKXXAXAXM KX 

tga OS 
ee See Note 3 

9) (18) 

i 


Addr/ Data 
ii 





Muxed |) x 
=a 
Addr/Data |X) ¢ 


Muned See Note5 bn 
(26) (24) 


Address 
Strobe (AS) 
@?) 
(4) 25) 
) 
NOTES: 


1. Voltage levels shown are V; =0.5 V, V2.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8.V and 2.0 V, unless otherwise specified. 

3. Usable access time is computed by 22+ 3-17+4. 

4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
5. Item 26 is different from the MC6801 but it is upward compatible. 


Figure 7. Bus Timing 
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INTRODUCTION 


The MC6801U4 is an 8-bit monolithic microcontroller 
that can be configured to function in a wide variety of 
applications. The facility that provides this extraordinary 
flexibility is its ability to be hardware programmed into 
eight different operating modes. The operating mode 
controls the configuration of 18 of the 40 MCU pins, avail- 
able on-chip resources, memory map, location (internal 
or external) of interrupt vectors, and type of external bus. 
The configuration of the remaining 22 pins is not de- 
pendent on the operating mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only data direction register. The data direc- 
tion register is used to define whether corresponding bits 
in the data register are configured as an input (clear) or 
output (set). 

The term “port” by itself refers to all of the hardware 
associated with the port. When the port is used as a “data 
port” or “I/O port,” it is controlled by the port data di- 
rection register and the programmer has direct access to 
the port pins using the port data register. Port pins are 
labeled as Pij where i identifies one of four ports and j 
indicates the particular bit. 


The MPU is an enhanced MC6800 MPU with additional. 


capabilities and greater throughput. It is upward source 
and object-code compatible with the MC6800 and the 
MC6801. The programming model is depicted in Figure 
8 where accumulator D is a concatenation of accumula- 
tors A and B. A list of new operations added to the MC6800 
instruction set are shown in Table 1. 

The MC6803U4 can be considered an MC6801U4 that 
operates in modes 2 and 3 only. 


OPERATING MODES 


The MC6801U4 provides seven different operating 
modes (modes 0 through 3 and 5 through 7), and the 





MC6803U4 provides two operating modes (modes 2 and 
3). The operating modes are hardware selectable and 
determine the device memory map, the configuration of 
port 3, port 4, SC1, SC2, and the physical location of the 
interrupt vectors. ; . 


FUNDAMENTAL MODES 


The seven operating modes (0-3, 5-7) can be grouped 
into three fundamental modes which refer to the type of 
bus it supports: single chip, expanded nonmultiplexed, 
and expanded multiplexed. Single chip is mode 7, ex- 
panded nonmultiplexed is mode 5, and the remaining 5 
are expanded-multiplexed modes. Table 2 summarizes 
the characteristics of the operating modes. 


MC6801U4 Single-Chip Mode (7) 


In the single-chip mode, the four MCU ports are con- 
figured as parallel I/O data ports, as shown in Figure 9. 
The MCU functions as a monolithic microcontroller in this 
mode without external address or data buses. A maxi- 
mum of 29 I/O lines and two port 3 control lines are 
provided. Peripherals or another MCU can be interfaced 
to port 3 in a loosely coupled dual-processor configura- 
tion, as shown in Figure 10. 


MC6801U4 Expanded-Nonmultiplexed Mode (5) 


A modest amount of-external memory space is pro- 
vided in the expanded-nonmultiplexed mode while sig- 


"nificant on-chip resources are retained. Port 3 functions 


as an 8-bit bidirectional data bus, and port 4 is configured 
initially as an input data port. Any combination of the 
eight least-significant address lines may be obtained by 
writing to the port 4 data direction register. Stated alter- 
natively, and combination of AO to A7 may be provided 
while retaining the remainder as input data lines. Internal 
pullup resistors pull the port 4 lines high until the port is 
configured. 


8-Bit Accumulators A-and B 
Or 16-Bit Double Accumulator D 


OF |ndex Register (X) 


15. sp OT Stack Pointer (SP) 


15 PC 





7 0 
PL yey [s}z}vde} 


O} Program Counter (PC) 


Condition Code Register (CCR) 


Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


Figure 8. Programming Model 
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. Table 1. New Instructions 


| instruction [oO escription 


ABX Unsigned addition of accumulator B to index register 




































ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator ; 
ASLD or LSLD | Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 
BHS Branch if higher or same, unsigned conditional branch (same as BCC) 
BLO Branch if lower, unsigned conditional branch (same as BCS) 
BRN Branch never 
JSR Additional addressing mode direct 
LDD Loads double accumulator from memory 


LSL Shifts memory or accumulator left {towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 


(same as ASL) 



















LSRD Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is shifted. into the C bit 
MUL Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator. 

PSHX Pushes the index register to stack 

PULX Pulls the index register from stack 

STD Stores the double accumulator to memory 

SUBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator 





CPX Internal processing modified to permit its use with any conditional branch instruction 


Table 2. Summary of MC6801U4/MC6803U4 Operating Modes 


Single-Chip (Mode 7) 
192 bytes of RAM, 4096 bytes of ROM 
Port 3 is a parallel |/O port with two control lines 
Port 4 is a parallel 1/0 port 


Expanded Non-Multiplexed (Mode 5) 
192 bytes of RAM, 4096 bytes of ROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address bus 


Expanded Multiplexed (Modes 0, 1, 2, 3, 6*) 
Four memory space options (total 64K address space) 
(1) Internal RAM and ROM with partial address bus (mode 1) 
(2) Internal RAM, no ROM (mode 2) 
(3) Extended addressing of internal |/O and RAM 
(4) Internal RAM and ROM with partial address bus (mode 6) 
Port 3 is multiplexed address/data bus ; . 
Port 4 is address bus (inputs/address in mode 6) 
Test mode (mode 0): 
May be used to test internal RAM and ROM 
May be used to test ports 3 and 4 as |/O ports by writing into mode 7 
Only modes 5, 6, and 7 can be irreversibly entered from. mode 0 
Resources Common to All Modes 
Reserved register area 
Port 1 input/output operation 
Port 2 input/output operation 
Timer operation 
Serial communications interface operation 


*The MC6803U4 operates only in modes 2 and 3. 
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Vcc Standby ——> 


RESET 


Port 1 


MC6801U4 


| 


5 
= 


Port 3 
8 1/0 Lines ‘8 okies ; 
16-Bit Timer 1s3 
O53 
Port 4 
Port 2 
8 1/0 Lines 5 Votes 
Serial 1/0 
Vas 16-Bit Timer 
Figure 9. Single-Chip Mode 
Vcc Voc 


Vcc Standby 
RESET 





Port 1 

81/0 

Lines 
16-Bit Timer 


Port 2 
5 t/O Lines 
scl 
16-Bit Timer Port 4 
81/0 
Lines 






Port 1 
8 1/0 
Lines 
16-Bit Timer 
Port 4 
81/0 
Lines 
Port 2 — 
5 170 Lines 
Sci Vss 
16-Bit Timer 


Figure 10. Single-Chip Dual Processor Configuration 


Figure 11 illustrates a typical system configuration in 
the expanded-nonmultiplexed mode. The MCU interfaces 
directly with M6800 family parts and can access 256 bytes 
of external address space at $100 through $1FF. IOS pro- 
vides an address decode of external memory ($100-$1FF) 
and can be used as a memory-page select or chip-select 
line. nd ede 


Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 


A 64K-byte memory space is provided in the expanded- 
multiplexed modes. In each of the expanded-multiplexed 
modes, port 3 functions as a time-multiplexed address/ 
data bus with address valid on the negative edge of ad- 
dress strobe (AS) and data valid while E is high. In modes 
0, 2, and 3, port 4 provides address lines A8 to A15. In 
modes 1 and 6, however, port 4 initially is configured at 
reset as an input data port. The port 4 data direction 
register can then be changed to provide any combination 
of addréss lines A8 to-A15. Stated alternatively, any sub- 


set of A8 to A15 can be provided while retaining the 
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remaining port 4 lines as input data lines. Internal pullup 
resistors pull the port. 4 lines high until software .confi- 
gures the port. In mode 1, the internal pullup resistors 
will hold the upper address fines high, producing a value 
of $FFXX for a reset vector. A simple method of getting 
the desired address lines configured as outputs is to have 
an external EPROM not fully decoded so it appears at 
two address locations (i.e., $FXXX and $BXXX). Then, 
when the reset vector appears as $FFFE, the EPROM will 
be accessed and can point to.an address in the top $100 
bytes of the internal or exteral ROM/EPROM that will con- 
figure port 4 as desired. a 

In mode 0, the reset and interrupt vectors are located 
at $BFFO-$BFFF. In addition, the internal and external data 
buses are connected; therefore, there must be no mem- 
ory map overlap to avoid potential bus conflicts. By writ- 
ing the PCO-PC2 bits in the port 2 data register, modes 
5, 6, and 7 can be irreversibly entered from mode 0. Mode 
0 is used primarily to verify the ROM pattern and to mon- 
itor the internal data bus with the automated test equip- 
ment. o 
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Vcc Standby 
RESET 


Port 1 
8 1/0 Lines 
16-Bit Timer 


Port 2 
51/0 
Lines 
Seriat 1/O 
16-Bit Timer 


Port 1 
81/0 
16-Bit Timer 

Port 2 
51/0 
sci 
Timer 


MC6801U4 


Port 3 
8 Data Lines 
R/W 
iOS 
Port 4 
To8 
Address Lines 





Figure 11. Expanded-Nonmultiplexed Configuration 


Only the MC6801U4 can operate in each of the ex- 
panded-multiplexed modes. The MC6803U4 operates only 
in modes 2 and 3. ; 

Figure 12 depicts a typical configuration for the ex- 
panded-multiplexed modes. The AS can be used to con- 
trol a transparent D-type latch to capture addresses A0- 
A/7, which allows port 3 to function as a data bus when 
E is high, as shown in Figure 13. 


PROGRAMMING THE MODE 


The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels are 
latched into PC2, PC1, and PCO of the program control 
register on the. positive edge of RESET. The operating 
mode may be read from the port 2 data register, as shown 
below, and programming levels and timing must be met 
as shown in Figure 14. A brief outline of the operating 
modes is shown in Table 3. 

Circuitry to provide the programming levels is de- 
pendent primarily on the normal system usage of the 





PORT 2 DATA REGISTER 


7 6 5 4 
P24 


three pins. If configured as outputs, the circuit shown in 
Figure 15 may be used; otherwise, three-state buffers can 
be used to provide isolation while programming the mode. 
If diodes are used to program the mode, the diode for- 
ward voltage drop must not exceed the VMPDD 1 mini- 
mum. 


3 2 T 0 
P23 P22 
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MEMORY MAPS 


The MC6801U4/MC6803U4 can provide up to 64K-byte 
address space, depending on the operating mode. A 
memory map for each operating mode is shown in Figure 
16. The first 32 locations of each map are reserved for 
the internal register area, as shown in Table 4, with ex- 
ceptions as indicated. 
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Port 1 
8 1/0 Lines 
16-Bit Timer 


Port 3 
8 Lines 


R/WwMultiplexed Data Address 


Port 2 AS 

5 1/0 Lines 
Serial I/O 

16-Bit Timer 












Port 4 
8 Lines 
‘Address Bus 


Vcc 


Data’ Bus 
(D0-D7) 


Address Bus 
{AQ-A15) 


R/W 


MC6801U4 
MC6803U4 


Port 1 

8 1/0 
16-Bit Timer 
Port 2 

51/0 

SCl 

Timer 


E 





NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should.be enabled only during E high time. 
Figure 12. Expanded-Multiplexed Configuration 


GND 
AS 


Port 3 SN74LS373 


i A AO0-A7 
Address/ Data (Typical) ddress AO 





Data DO-D7 


Figure 13. Typical Latch Arrangement 
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See Figure 15 
. for Diode Arrangement 














VMPDD 
ceed f Vv 
(P20, P21, P22) a = 
Vv - As crac ad ode Late! 
Mode Inputs MPH Min RESET a Level : 
(P20, P21, P22) VmMPL Max 
MODE PROGRAMMING (Refer to Figure 14) . 
Characteristic Symbol [Min | Max | Unit | 
Mode Programming Input Voltage Low (For Ta =0-70°C) Vue. | - | 18} Vv | 
Mode Programming Input Voltage High VmPpH }40] — [| Vi] 
Mode Programming Diode Differential (If Diodes are Used) (For Ta =0-70°C) Vmppp }0.6 | - | V | 
RESET Low Pulse Width “ PWrsTL| 3.0 | — JE Cycles 
Mode Programming: Setup Time | tues [2.0 | — [E Cycles | 
Mode Programming Hold Time 
RESET Rise Time=1 ys : tMPH (0) ns 
RESET Rise Time<1 ps 1 
NOTE: . 


For Ta = ~40-85°C, Viyp_ Max=1.7, and Vyppp Min=0.4 » 


Figure 14. Mode Programming Timing 


Table 3. Mode Selection Summary 


IModet| Pez | ret | Fo? [Rom [ram | Voor | Mode | Operating Mode 
. | Mode* | PC1; PCO Vectors Mode Operating Mode 

AE A AE A ct 
Pepa epee fo [| Moxa] Matptexed/ Paria! Decode _| 
eT ix? | Nonmultipiexed Partial Decode| 


ae nein 





LEGEND 
| — Internal 
E — External’ 


MUX — Multiplexed 
NMUX — Nonmultiplexed 


L — Logic 0" 
H — Logic “1” 
NOTES: 


1. Addresses associated with ports 3 and 4 are considered external in modes 0, 2, and 3. 
2. Addresses associated with port 3 are considered external in modes 1, 5, and 6. 


3. Port 4 default is user data input; address output is optional by writing to port 4 data direction 
register. 


4. Mode 4 is a nonuser mode and should not be used as. an operating mode. 
5. Mode 3 has the internal RAM and internal registers relocated at $D000-$DOFF. 
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R2 





MC6801U4 
MC6803U4 





P21 (PC1) 
P22 (PC2) 


NOTES: 
1. Mode 7 as shown 
2. R2-C = Reset time constant 
3. R1=10 k (typical) 
4. D=1N914, 1N4001 in the 0 to 70°C range 
D=1N270, MBD201 in the — 40 to 85°C range 
5. Diode V¢ should not exceed Viyppp min. 





Mode 
Control 
Switches 





Multiplexed Test Mode 


——__..__. 


YH» internal — MC6801U4 


Mode 
External Memory Space 


Internal RAM 


External Memory Space 


$BFFO ; 
SBFFEF LZZZZZZA > External Interrupt Vectors(2) 


sFovo b External Memory Space 


Internal ROM 


NOTES: 


1) Excludes the following addresses which may 4) This mode is the only mode which may be 
be used externally: $04, $05, $06, $07, and used to examine the entire ROM using an ex- 
SOF. ternal RESET vector. 

2) The interrupt vectors are at $BFFO-$BFFF. 5) Modes 5-7 can be irreversibly entered from 

3) There must be no overlapping of internal and mode 0 by writing to the PCO-PC2 bits of the 
external memory spaces to avoid driving the port 2 data register. 
data bus with more than one device. 





Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 1 of 4) 






MOTOROLA MICROPROCESSOR DATA 
3-143 





MC6801U4/6803U4 














MC6801U4 
Mode 


1 


Multiplexed/RAM & ROM 


VR 
7 








$0000(1) 
Internal Registers 


$001F 












External Memory Space 


$0040 ; 
‘Internal RAM 


External Memory Space 


internal ROM 


1) Excludes the following addresses which 
may be used externally: $04, $06, and $0F. 

2) Internal ROM addresses $FFFO to $FFFF 
are not usable. 

3) Address lines A8-A15 will not contain ad- 
dresses until the data direction register 
for port 4 has been written with “1s” in 
the appropriate bits. These address lines 

will assert “‘1s” until made outputs by 

writing the data direction register. 





MC6801U4 
MC6803U4 
Mode 


2 


Internal Registers 





Mutltiplexed/RAM 





$0000(1) 
External Memory Space 


Internal RAM 


External Memory Space 





$FFFO 
SFFFF 





; External Interrupt Vectors 


NOTE: 
1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
SOF. 





Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 2 of.4) 
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MC6801U4 
MC6803U4 


3 


Multipiexed/ RAM 


MC6801U4 
Mode 


5 


Nonmultiplexed/Partial Decode 


$0000!) 
Internal Registers 
$001F 


Unusabie 


$0040 
Internal RAM 
External Memory Space 


Saaetee 


internal ROM 
eeept Internal Interrupt Vectors 


NOTES: 


1) Relocating the internal registers and the inter- 
nal RAM to high memory allows the pro- 
cessor to make use of direct addressing. 

2) Excludes the following addresses which may 
be. used externally: $D004, $D005, $D006, 
$D007, and $DOOF. 


1) Excludes the following addresses which may 
not be used externally: $04, $06, and SOF (no 
iOS). 

2). Address lines AO to A7 will not contain ad- 
dresses until the data direction register for 
port 4 has been written with “1s” in the ap- 
propriate bits. These address lines will assert 
“1s” until made outputs by writing the data 
direction register. 








Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 3 of 4) 
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*~MC6801U4 
Mode 


Multiplexed/Partial Decode 


WY 








Internal Registers |“ 





External Memory Space 


Internal RAM 
SOOFF 


External Memory Space 


Internal ROM 


tnternal Interrupt Vectors 


: NOTES: 
1) Excludes the following addresses which may 
‘be used externally: $04, $06, SOF. — 

2) Address lines A8-A15 will not contain ad- 
dresses until the data direction register for 
port 4 has been written with ‘’1s’’ in the ap- 
propriate bits. These address lines will assert 
“1s” until made outputs by writing the data 
direction register. 


MC6801U4 
Mode 





Single Chip . 
$0000 Internal Registers 
$OO1F 
Unusable 
$0040 : 
Internal RAM 
SOOFF 


Unusable 


$FO00 


Internal ROM 


Internal Interrupt.Vectors 





$FFFF 


Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 4 of 4) 
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Table 4. Internal Register Area 


| Address 
Register 


Other 
wo 
Port 1 Data Direction Register* * * 


Port 2 Data Direction Register* * * Sar 
Port 1 Data Register ; , D002 
Port 2 Data Register D003 
Port 3 Data Direction Register* * * 

Port 4 Data Direction Register* * * 

Port 3 Data Register 

Port 4 Data Register 

Timer Control and Status Register 

Counter (High Byte) 

Counter (Low Byte) 

Output Compare Register (High Byte} 


Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 


input Capture Register (Low Byte) 
Port 3 Control and Status Register 
Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 
Transmit Data Register 
RAM Control Register 

| Counter Alternate Address (High Byte) 
Counter Alternate Address (Low Byte) 
Timer Control Register 1 
Timer Control Register 2 
Timer Status Register 
Output Compare Register 2 (High Byte) 
Output Compare Register 2 (Low Byte) 
Output Compare Register 3 (High Byte) 
Output Compare Register 3 (Low Byte) 
Input Capture Register 2 {High Byte) 
Input Capture Register 2 {Low Byte) 


* External addresses in modes 0, 1, 2, 3, 5, and 6 cannot be 
accessed in mode 5 (no IOS). 
* * External Addresses in Modes 0, 2, and 3. 
***1=Qutput, O=Input - 





MC6801U4/MC6803U4 INTERRUPTS 


The M6801 Family supports two types of interrupt re- 
quests: maskable and nonmaskable. A nonmaskable in- 
terrupt (NMI) is always recognized and acted upon at the 
completion of the current instruction. Maskable inter- 
rupts are controlled by the condition code register | bit 
and by individual enable bits. The | bit controls all mask- 
able interrupts. Of the maskable interrupts, there are two 
types: IRQ1 and IROQ2. The programmable timer and se-- 
rial communications interface use an internal IRQ2 in- 
terrupt line, as shown in the block diagram. External 
devices and 1S3 use IRQ1. An !RQ1 interrupt is serviced 
before IRQ2 if both are pending. 














NOTE 


After reset, an NMI will not be serviced until the 
first program load of the stack pointer. Any NMI 
generated before this load will be remembered by 
the processor and serviced subsequent to the stack 
pointer load. 


All IRO2 interrupts use hardware-prioritized vectors. 
The single SCI interrupt and three timer interrupts are 
serviced in a prioritized order, and each is vectored to a 
separate location. All interrupt-vector locations are shown 
in Table 5. In mode 0, reset and interrupt vectors are 
defined as $BFFO-$BFFF. 

The interrupt flowchart, which is depicted in Figure 17, 
is common to every interrupt excluding reset. During in- 
terrupt servicing, the program counter, index register, A 
accumulator, B accumulator, and condition code register 


are pushed to the stack. The | bit is set to inhibit maskable 


interrupts, and a vector is fetched corresponding to the 
current highest-priority interrupt.. The vector is trans- 
ferred to the program counter, and instruction execution 
is resumed. Interrupt and RESET timing are illustrated in 
Figures 18 and 19: 





Table 5. MCU Interrupt-Vector Locations 


|MsB_| tse | msB | LSB | 


RESET 
Nonmaskable Interrupt** 
Software Interrupt 


Maskable Interrupt Request 1 
Input Capture Flag* 

Output Compare Flag* 

Timer Overflow Flag* 

Serial Communications Interface* 





*(RQ2 interrupt 
* *NMI must be armed (by accessng stack pointer) before an 
NMI is executed. 
»*x** Mode 4 interrupt vectors are undefined. 
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| 


Stack Machine 
State . : 
N PC: X, A, B. CC WA! 





(7RQ1 + iRQ2) 








1-> 1TMP 
saad a 


Disarm NMI 


RESET [FFFE FFF 















N 
MPU ‘ ° 
Write to Aim : 
; NMi SCl= TIE TORE + RIE«(RDRE + ORFE) 
- as, —~iTMP ICt = (ICFISEICH) + (ICF2*EICI2) 












= 


1] ocl= (OCF1I®EOCH) + (OCF2*eEOCI2) + (OCF3®EOCI3) 
v 
|] ModeO | Modest357] CS 
fl N 
Roi_| eFFe-6Fr9 | FFFG-FFFO | Maskable Interrupt Request 1 | 
icF 
N Scl_| _BFFO-BFFI 
Y) 
N 





Figure 17. Interrupt Flowchart 
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Internal 
Data Bus 


Internal RAW 


E 




















Cycle 
Last Instruction — #1 




















#3 
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#4 








Op Code Op Code SPin)  SP(n-1) SP(n-2)) SP(n-3). SP{n-4)  SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC 
Addr Addr , ; MSB Addr LSB Addr Address 





: F : : Irrelevant Vector Vector First Inst. of 
Magee eer way ee sia are oe Data MSB LSB | Interrupt Routine 


Figure 18. Interrupt Sequence 


DIY ATLL PLL PU 


——5.25V 


5 ail Vv 
Tee 








RC {PCS 
RESET 
Mee Bus ee AUANAANINURRRUANUNRRRARUD GD 
: FFFE ‘‘FFFE. FFFE FFFE . FFFF New PC FFFE FFFE 


eee SSeS! SMG ee 


Ny Not. Valid 


PC 8-15 PCO-7 First 
Instruction 


Figure 19. RESET Timing 
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FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss. 


Vcc and Vss provide power to a large portion of the 
MCU. The power supply should provide +5 volts (+5%) 
to Vcc, and Vsg should be tied to ground. Total power 
dissipation (incuding vec standby) will not exceed Pp 
milliwatts. 


Vcc STANDBY 


Vcc standby provides power to the Saab portion 
($40 through $5F in all modes except mode 3, which is 
$D040 through $D05F) of the RAM, and the STBY PWR 
and RAME bits of the RAM control register. Voltage re- 
quirements depend on whether the device is in a pow- 
erup or powerdown state. In the powerup state, the power 
supply should provide +5 volts (+5%) ane’ must reach 
Vsp volts before RESET reaches 4.0 volts. During pow- 
erdown, Vcc standby must remain above VsppB (mini- 
mum) to sustain the standby RAM and STBY. PWR bit. 
While in powerdown operation, the eandny current will 
not exceed Iispp. 

It is typical to power both Vcc and Vcc standby from 
the same source during normal operation. A diode must 
be used between them to prevent eupply: power to Vcc 
during powerdown operation. 


XTAL AND EXTAL 


These two input pins interface either a crystal or TTL- 
compatible clock to the MCU internal clock geneator. Di- 
vide-by-four circuitry is included which allows use of the 
inexpensive 3.58-MHz or 4.4336-MHz color-burst TV crys- 
tals. A 20-pF capacitor should. be tied from each crystal 
pin to ground to ensure reliable startup and operation. 
Alternatively, EXTAL may be driven by an external TTL- 
compatible clock at 4 fo with a duty cycle of 50% (+5%) 
with XTAL connected ground.. 

The internal oscillator is designed to interface with an 
AT-cut quartz crystal resonator operated in parallel res- 
onance mode in the frequency range specified for fx TAL. 
The crystal should be mounted as close as possible to 
the input pins to minimize output distortion and startup 
stabilization time. The MCU is compatible with most com- 
mercially available crystals. Nominal crystal parameters 
are shown in Figure 20. 


RESET 


This input is used to reset the internal state of the de- 
vice and provide an orderly. startup procedure. During 
powerup, RESET must be held:below 0.8 voits: 1) at least 
trRc after Vcc reaches 4.75 volts.to provide sufficient time 
for the clock generator to stabilize, and 2) until Vcc standby 
reaches 4.75 volts. RESET must be held low at least three 
E cycles if asserted during powerup operation. © 





E (ENABLE) 


This is an output clock used primarily for bus synchro- 
nization. It is TTL compatible and is the slightly skewed 
divide-by-four result of the device input clock frequency. 
It will drive one Schottky TTL load and 90 pF, and all data 


given in cycles are referenced to this clock unless oth- 
erwise noted. 


NMI (NONMASKABLE INTERRUPT) 


An NMI negative edge requests an MCU interrupt se- 
quence, but the current instrution will be completed be- 
fore it responds to the request. The MCU will then begin 
an interrupt.sequence. Finally, a.vector is fetched from 
$FFFC and $FFFD ($BFFC and $BFFD in mode 0), trans- 
ferred to the program counter, and instruction execution 
is resumed. NMI typically requires a 3.3 kQ (nominal) 
resistor to Vcc. There is no internal NMI pullup resistor. 
NMI must be ‘held low for at least one E cycle to be 
recognized under all conditions. 


NOTE 


After reset, an NMI will not be serviced until the 
first program load of the stack pointer. Any NMI 
generated before this load will remain pending by 
the Brocenect: 


IRQ1 (MASKABLE INTERRUPT REQUEST 1) 


IRQ1 is a level-sensitive input that can be used to re- 
quest an interrupt sequence. The MPU will complete the 
current instruction before it responds to the request. If 
the interrupt mask bit (I bit) in the condition code register 
is clear, the MCU will begin an interrupt sequence. A 
vector is fetched from $FFF8 and $FFF9 ($BFF8 and $BFF9 
in mode 0), transferred to the program counter, and in- 
struction execution is resumed. 

IRQ1 typically requires an external 3.3 kQ kKQ._ (nominal) 
resistor to Vcc for wire-OR SpplicaHons: IRQ1 has no 
internal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single-chip mode; whereas, SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


S$C1 and SC2 in Single-Chip Mode 


In single-chip mode, SC1 and sc2 are configured as 
an input and output, respectively, and both function as 
port 3 contro! lines. SC1 functions as 1S3 and can be used 


~ to indicate that port 3 input data is ready or output data 


has been accepted.Three options associated with IS3 are 
controlled by the port 3 contol and status register and 
are discussed. in the port 3 description; refer to P30-P37 
(PORT 3). If unused, IS3 can remain unconnected. 

SC2 is configured as OS3 and can be used to strobe 
output data ‘or acknowledge input data.:It is controlled 
by output strobe select (OSS) in the port 3 control and 
status register. The strobe is generated by a read (OSS = 0) 
or write (OSS= 1) to the port 3 data register. OS3. timing 
is shown in Figure 


SC1 and SC2 in Expanded: LNonmuttiplexed Mode 


In the expanded-nonmultiplexed mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as input/ 
output select (IOS) and is asserted only when $0100 
through $01FF is sensed on the internal address bus. 
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(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters* 


4-6 pF 


0.015 pF 0.025 pF ‘0.01-0.02 pF 
>40K >30K — >20 K 





%NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 


“MC6801U4 





co 


CL = 20 pF (typical) 
Equivalent Circuit 
NOTE 


TTL-compatible oscillators may |. 
be obtain from: 


Motorola Component Prod- 


ucts 

Attn: Crystal Clock Oscillators 
2553 N. Edgington St. 
Franklin Park, IL 60131 

Tel: 312-451-1000 

Telex: 433-0067 





(b) Oscillator Stabilization Time (tac) 


, Se 











RESET 


_ =e 


Oscillator 
Stabilization 
Time, trc 


Figure 20. MC6801U4/MC6803U4 Family Oscillator Characteristics. 
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SC2 is configured as read/write and is used to control 
the direction of data bus transfers. An MPU read is en- 
abled when read/write and E are high. 


$C1 and SC2 in Expanded- Multiplexed Mode 


In the expanded-multiplexed modes, both SC1 nd SC2 
are configured as outputs. SC1 functions as address strobe 
and can be used to demultiplex the eight least-significant 
addresses and the data bus. A latch controlled by address 
strobe captures the lower address on the negative edge, 
as shown Figure 13. 

SC2 is configured as read/write and is used to control 
the direction of data bus transfers. An MPU read is en- 
abled when read/write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode-independent 8-bit I/O and timer port. 
Each line can be configured as either an input or output 
as defined by the port.1 data direction register. Port 1 
bits 0, 1, and 2 (P10, P11, and P12) can also be used to 
exercise one input edge function and two output compare 
functions of the timer. The TTL-compatible three-state 
buffers can drive one Schottky TTL load and 30 pF, Dar- 
lington transistors.or CMOS devices using external pul- 
lup resistors. It is configured as a data input port during 
RESET. Unused pins can remain unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent 5-bit multipurpose I/O 
port. The voltage levels present on P20, P21, and P22 on 
the rising edge of RESET determine the operating mode 
of the MCU. The entire port is then configured as a data 
input port. The port 2 lines can be selectively cofigured 
as data output lines by setting the appropriate bits in the 
port 2 data direction register. The port 2 data register is 
used to move data through the port. However, if P21 is 
configured as an output, it is tied to the timer output 
compare 1 function and cannot be used to provide output 
from the port 2 data register unless output enable 1 (QE) 
is cleared in timer control register 1. 

Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 three-state TTL-compatible output buffers 
are capable of driving one Schottky TTL load and 30 pF 
or CMOS devices using external pullup resistors. 





PORT 2 DATA REGISTER 


(ae ee oe ek ee Se 
| eco | ect | poo | rae | pas | pox | rat | pao | ou3 


P30-P37 (PORT 3) 


Port 3 can be configured as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus de- 
pending on the operating mode. The TTL-compatible 
three-state output buffers can drive one Schottky TTL 
load and 90 pF. Unused lines can remain unconnected. 


Port '3 in Single-Chip Mode 
. Port 3 is an 8-bit I/O port in the single-chip mode with 
each line configured by the port 3 data direction register. 
There are also two lines, IS3 and OS3, which can be used 
to control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 


-mode: 1) port 3 input data can be latched using IS3 as a 


control signal, 2) OS3 can be generated by either an MPU 
read or write to the port 3 data register, and 3) an IRQ1 
interrupt can be enabled by an IS3 negative edge. Port 3 
latch timing is shown in Figure 4. 


PORT 3 CONTROL AND STATUS REGISTER 
2 1 0 
Latc 
OSS = Esl X x | $OF 


Bit3. Latch Enable — This bit controls the input latch 
for port 3. If set, input data is latched by an IS3 
negative edge. The latch is transparent after a 
read of the port 3 data register. Latch enable is 
cleared during reset. 





Ic3 | 183 
Flag | IRQT 





Bits 0-2 Not used. 


Bit 4 Output Strobe Select (OSS) — This bit deter- 
mines whether OS3 will be :generated by a read 
or write of the port 3 data register. When clear, 
the strobe is generated by a ‘read; when set, it 
is generated by a write. OSS is cleared during 
reset. 


Bit5 Not used. 


Bit6 1S3 IRQ1 Enable — When set, an IRQ1 interrupt 
will be enabled whenever the IS3 flage is set; 
when clear, the interrupt is inhibited. This bit is 
cleared during reset. 


Bit7 183 Flag — This read-only status bit is set by an 
IS3 negative edge. It is cleared by a read of the 
port 3 data register or during reset. 


Port 3 in Expanded-Nonmultiplexed Mode 


Port 3 is configured as a bidirectional data bus (D7-D0} 
in the expanded-nonmultiplexed mode. The direction of 
data transfers is controlled by read/write (SC2). Data is 
clocked by E (enable). 


Port 3 in Expanded-Multiplexed Mode 

Port 3 is configured as a time-multiplexed address (A7- 
AO), and data bus (D7-DO) in the expanded-multiplexed 
mode where AS can be used to demultiplex the two buses. 
Port 3:is held in a high-impedance state between valid 
address and data to prevent bus conflicts. 


P40-P47 (PORT 4) 


Port 4 is configured-as an 8-bit /O port, as address 
outputs, or as data inputs depending on the operating 
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mode. Port 4, which can drive one Schottky TTL load and | 


90 pF, is the only port with intern! pullup resistors. Un- 
used lines can remain unconnected. 


Port 4 in Single-Chip Mode 

In single-chip mode, port 4 functions as an 8-bit |/O 
port with each line configured by the port 4 data direction 
register. Internal pullup resistors allow the port to directly 


interface with CMOS at 5-volt levels. However, external: . 


Pullup resistors to. more than 5 volts cannot be used. 


Port 4 in Expanded- Nonmhultiplexed Mode 


Port 4 is configured from reset as an 8-bit input port 
where the port 4 data direction register can be written to 
provide any or all of eight address lines AO to A7. Internal 
pullup resistors pull the lines high until the port 4 data 
direction register is. configured. . 


Port 4 in Expanded-Multiplexed Mode 


In all expanded-multiplexed modes except modes 1 
and 6, port 4 functions as half of the address. bus and 
. provides A8 to A15. In modes 1 and 6, the port is confi- 
. gured from reset as an 8-bit parallel input port where the 
port 4 data direction register can be written to provide 
~ any or all of upper address lines A8 to A15. Internal pullup 
resistors pull the lines-high until the port 4 data direction 
register is configured where bit 0 controls A8. 


‘RESIDENT MEMORY 


The MC6801U4 provides 4096 bytes of on-chip ROM 
and 192 bytes of on-chip RAM. . 

Thirty-two bytes. of the RAM ae powered through the 
. Vcc standby pin and are maintainable during Vcc power- 
~ down. This standby portion of the RAM consists of 32 

bytes located from $40 through $5F in all modes except 
mode 3, which is $D040 through $DO5F. 

Power must be supplied to Vcc standby if the internal 

RAM is to be used, regardless of whether standby power 
" operation is anticipated. 
The RAM is controlled by the RAM control register. 


RAM CONTROL REGISTER ($14) 


The RAM control register includes two bits, which ¢ can 
be used to control. RAM accesses and to determine the 
adequacy of the standby power source during power- 
down operation. It is intended that RAME be cleared and 
STBY PWR be set as part of a powerdown procedure. 


RAM CONTROL REGISTER 








Bits 0-5 Not used.. 


Bit6 RAM Enable — This read/write bit can be used 
to remove the entire RAM from the internal mem- 
ory map. RAME is set (enabled).during reset pro- 
vided standby power is available on the positive 


edge of RESET. If RAME is clear, any access to 
a RAM address is external. If RAME is set, the 
RAM is included in the internal map. 


Bit 7 Standby Power — This bit is a read/write status 
bit that, when cleared, indicates Vcc standby has 
decreased sufficiently below VspB (minimum) to 
make data in the standby RAM suspect. It can be 
set only by software and is not affected during 
reset. 


PROGRAMMABLE TIMER 


The programmable timer can be used to perform meas- 
urements on two separate input waveforms while inde- 
pendently generating three output waveforms. Pulse 
widths can vary from several microseconds to many sec- 
onds. A block diagram of the timer is shown in Figure 
21. 


COUNTER ($09:0A), ($15, $16) 


The key timer element is a 16-bit free-running counter 
that is incremented by E (enable). Itis cleared during reset 


_and is read-only with one exception: in mode 0 a write 


to the counter ($09) will configure it to $FFF8. This feature, 
intended for testing, can disturb serial operations be- 
cause the counter provides the SCI internal bit rate clock. 
The TOF is set whenever the counter contains all ones. 


If ETOI is set, an interrupt will occur when the TOF is set. 


The counter may also. be read as.$15 and $16 to avoid 
inadvertently clearing the TOF. 


OUTPUT COMPARE REGISTERS (sob: OC), ($1A: 1B), 
($1C:1D) _ 


The three ouplit compare registers are 16-bit read/ 
write registers, each used to control an output waveform 
or provide an arbitrary time-out flag. They are compared 
with the free-running counter.during the negative half of 


‘each E cycle. When a match occurs, the corresponding 


output compare flag (OCF) is set, and the corresponding 
output level (OLVL) is clocked to an output level register. 
lf both the corresponding output enable bit and data di- 
rection register bit are set, the value represented in the 
output level register will appear on the corresponding 
port pin. The appropriate OLVL bit can then be changed 
for the next compare. 

The function is inhibited for one ele after a write to 
its high byte ($0B, $1A, or $1C) to ensure a valid compare 
after a double-byte write. Writes can be made to either 
byte of the output compare register without affecting the 
other byte. The OLVL value will be clocked out inde- 
pendently of whether the OCF had previously been 
cleared. The output compare registers are set to $FFFF 
during reset. 


INPUT CAPTURE REGISTERS ($0D:0E), ($1E:1F) 


The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
“proper” input transition occurs as defined by the cor- 
responding input edge bit (IEDG1. or IEDG2). The input 
pin’s data direction register should be configured as.an - 
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input, but the edge detect circuit always senses P10 and 
P20 even when configured as an output. The counter 
value will be latched into the into capture registers on 
the second negative edge of the E clock following the 
transition. 

As input capture can occur independently of ICF; the 
register always contains the most current value. How- 
ever, counter transfer is inhibited between accesses of a 
double-byte MPU read. The input pulse width must be at 
’ least two E cycles to ensure an input capture under all 
conditions. 


TIMER CONTROL AND STATUS REGISTERS 


Four registers are used to provide the MC6801U4/ 
MC6803U4 with control and status information about the 
three output compare functions, the timer overflow func- 
tion, and the two input edge functions of the timer. They 
are as follows: 

Timer Control and Status Register (TCSR). 
Timer Control Register 1 (TCR1) 
Timer Control Register 2 (TCR2) 

_ Timer Status Register (TSR) 


Timer Control and Status Register (TCSR) ($08) 


The timer control and status register is an 8-bit register 
in which.all bits are readable, while only bits 0-4 can be 
written. All the bits in this register are also accessible 
through the two timer control registers and the timer 
status register. The three most significant bits provide 
the timer status:and indicate if 

1. aproper level transition has been detected at P20; 

2. a match has occurred between the free-running 
counter and output compare register 1; or 

3. the free-running counter has overflowed. 

Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER 


7 6 *§ 4 3 2 1 0 
ICFt | OCF | TOF | Eli1 | EOCH | ETO! | 1EDG1 | OLVL1 


Bit 0. Output Level 1 — OLVL1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit in timer con- 
trol register 1 is set. OLVL1 and output level reg- 
ister 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 (TCR1) ($17). 





Bit 1 Input Edge 1 — iEDG71 is cleared during reset and 
controls which level transition on P20 will trigger 
a counter transfer to input capture register 1: 
|EDG1=0 transfer on a negative-edge 
IEDG1=1 transfer on a positive-edge 
Refer to TIMER CONTROL REGISTER 1 (TCR1) ($17). 


Bit 2. Enable Timer Overflow Interrupt — When set, an 
IRQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is 


inhibited ETOI is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 3 Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when output 
compare flag 1 is set; when clear,the interrupt is 
inhibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 4 Enable Output Capture Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when input 
capture flag 1 is set; when clear, the interrupt is 
inhibited. EIC!1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 





Bit 5 Timer Overflow Flag — The TOF is set when the 
counter contains all ones ($FFFF). It is cleared by 
reading the TCSR or the TSR (with TOF set) and 
the counter high byte ($09), or during reset. Refer 
to TIMER STATUS REGISTER (TSR) ($19). 


Bit6 Output Compare Flag 1— OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TCSR or 
the TSR (with OCF1 set) and then writing to output 
compare register 1 ($0B or $0C), or during reset. 
Refer to TIMER STATUS REGISTER (TSR) ($19). 


Bit 7 Input Capture Flag — ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared 
by reading the TCSR or the TSR (with ICF1 set) and 
the input capture register 1 high byte ($0D), or 
during reset. Refer to: TIMER STATUS REGISTER 
(TSR) ($19). 


Timer Control Register 1 (TCR1) ($17) 


Timer control register 1 is an 8-bit read/write register 
containing the control bits for interfacing the output com- 
pare and input capture registers to the corresponding I/ 
O pins. . ; P 


TIMER CONTROL REGISTER 1 


7 “6 :°6 - 4 3 2. 4 O°: 
[oes | oz | o€1 | enc | eos {ous} orwz| ows] $17 
BitO Output Level 1 — OLVL? is clocked to output level 

register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit is set. OLVL1 
and output level register 1.are cleared during reset. 
Refer to TIMER CONTROL AND STATUS REGIS- 
TER (TCSR) ($08). 





Bit1 Output Level 2— OLVL2 is clocked t to output level 
register 2 by a successful output compare and will 
appear at P11 if bit 1 of port 1 data direction reg- 
ister.is set and the OE2 control bit is set. OLVL2 
and output level register 2 are cleared during reset. 
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Bit2 Output Level 3— OLVL3 is clocked to output level 
register 3 by a successful output compare and will 
appear at P12 if bit 2 of port 1 data direction reg- 

_ ister is set and the OE3 control bit is set. OLVL3 
and output level register 3are cleared du ring reset. 


Bit 3 Input Edge 1—1EDG1 is ‘éleared during reset and 
controls which level transition on P20 will trigger 
a counter transfer to inut capture register 1. 
IEDG1 =0 transfer on a negative edge 
“1EDG1 = 1 transfer on a positive edge 
Refer to TIMER CONTROL AND STATUS REGIS- 
TER (TCSR) ($08). 


Bit 4 Input Edge 2 — 1EDG2 is cleared during reset and 
controls which level. transition on P10 will trigger 
a.counter transfer to input capture register 2. 
IEDG2 =0 transfer on a negative edge 
IEDG2 = 1 transfer on a positive edge 


Bit 5 Output Enable 1 — OE1 is set during reset and 
enables the contents of output level register 1 to 
be. connected to P21 when bit 1 of port 2 data 
direction register is set. 

OE1=0 port 2 bit 1 data register output 
OE1=1 output level register 1 


Bit6 Output Enable 2— OE2 is cleared during reset and 
enables the contents of output level register 2 to 
be connected to P11 when bit 1 of port 1 data 
direction register is set. 

OE2=0 port 1 bit 1 data register output 
OE2=1 output level register 2 


Bit7 Output Enable 3— OE3 is cleared during reset and 
enables the contents of output level register 3 to 
be connected to P12 when bit 2 of port 1 data 
direction register is set. 

OE3=0 port 1 bit 2 data register output 
OE3= 1 output level register 3 


Timer Control Register 2 (TCR2) ($18) 


Timer control register 2 is an 8-bit read/write register 
(except bits 0 and 1), which enables the interrupts as- 
sociated with the free-running counter, the output com- 
pare registers, and the input capture registers. In test 
mode 0, two more bits (clock and test) are available for 
checking the timer. 


TIMER CONTROL REGISTER 2 
(Nontest Modes) 


7 6. 5 ae Ses 1 0 
| eici2 | icin J eocis| eocijeocn| eror [1 [ 1 | sis 


Bits 0-1 Read-Only Bits — When read, these bits return 
a value of 1. Refer to TIMER CONTROL REG- 
_ ISTER 2 (Test Mode). 





Bit2- Enable Timer Overflow Interrupt — When set, an 
, IRQ2 interrupt will be generated when-the timer 


overflow flag is set; when clear, the interrupt in- 
hibited. ETOI is cleared during rest. Refer to TIMER 
CONTROL AND STATUS REGISTER (TCSR) ($08). 


Bit3 Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 1 is set; when clear, the inter- 
rupt is inhibited. EOCI is cleared during reset. 
Refer to TIMER CONTROL AND STATUS REG- 
ISTER (TCSR) ($08). 


Bit4 Enable Output Compare Interrupt 2 -— When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 2 is set; when clear, the inter- 
rupt is inhibited. EOCI2 is cleared during reset. 


BitS Enable Output Compare Interrupt 3 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 3 is set; when clear, the inter- 
rupt is inhibited. EOCI3 is cleared during reset. 


Bit6 Enable Input Capture Interrupt 1— When set, an 
IRQ2 interrupt will be generated when the input 
capturé flag 1 is set; when clear, the interrupt is 
inhibited. EICI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER (TCSR) 
($08). 





Bit7 Enable Input Capture Interrupt 2—— When set, an 

IRQ2 interrupt will be generated when the input 

. capture flag 2 is set; when clear, the interrupt is 
inhibited. EICI2 is cleaed during reset. 


The timer test bits (test and clock) allow the free-run- 
ning counter to be tested as two separate 8- bit counters 
to speed testing. 


. TIMER CONTROL REGISTER 2. 
(Test Modes) 


M56 oe eo ge et 
[ eici2 eicit | cocis | Eoci2 | eocit | eto [ zest [ciock} sis 


BitO0 CLOCK — The CLOCK control bit selects which 
half of the 16-bit free-running ‘counter (MSB or 
LSB) should be clocked with E.. The CLOCK bit is 
a read/write bit only in mode 0 and is set during 
reset. oe 








CLOCK = 0 — Only the.eight most-significant bits 
of the free-running counter run with TEST=0. 


CLOCK =1 — Only the eight least-significant bits 
of the free-running counter run when TEST =0. 


Bit1 TEST — The TEST control bit enables the timer 
test mode. TEST is a read/write bit in mode 0 and 
is set during reset. 


TEST =0 — Timer test mode siabiad: 
a) The timer LSB latch is transparent, which 
aliows the LSB to be read independently of 
the MSB. 
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b) Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK bit. 


TEST =1 — Timer test mode disabled. 


Bits 2-7 See TIMER CONTROL REGISTER 2 (Nontest 
Modes). (These bits function the same as in the 
nontest modes.) 


Timer Status Register (TSR) ($19) 


The timer status register is an 8-bit read-only register 
which contains the flags associated with the free-running 
counter, the output compare registers, and the input cap- 
ture registers. 


TIMER STATUS REGISTER 


7 6 5 4 3 2 1 0 ; 
Coe [rt [oe Poor Toor [or [1 [1] se 


Bits 0-1 Not used. 


Bit2 Timer Overflow Flag — The TOF is set when the 
counter contais all ones ($FFFF). It is cleared by 
reading the TSR or the TCSR (with TOF set) and 
then the counter high byte ($09), or during reset. 


Refer to TIMER CONTROL AND STATUS REG- 


ISTER (TCSR) ($08). 


Bit3 Output Compare Flag 1— OCF1 is set when out- 


put compare register 1 matches the free-running: - 


counter. OCF1 is cleared by reading the TSR or 
the TCSR (with OCF1 set) and then writing to 
output compare register 1 ($0B or $0C), or during 
reset. Refer''to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 


Bit4 Output Compare Flag 2— OCF2 is set when out- 

‘put compare register 2 matches the free-running 

counter. OCF2 is cleared by reading the TSR (with 

OCF2 set) and then writing to output compare 
register 2 ($1A or $1B), or during reset. 


Bit5 Output Compare Flag 3 — OCF3 is set when out- 
put compare register 3 matches the free-runing 
counter. OCF3 is cleared by reading the TSR (with 
‘OCF3 set) and then writing to output compare 
register 3 ($1C or $1D), or during reset. 


Bit6 -Input Capture Flag 1 — !CF1 is set to indicate that 
a proper level transition has occurred; it is cleared 
by reading the TSR or the TCSR (with ICF1 set) 
and the input capture register 1 high byte ($0D), 
or during reset. Refer to TIMER CONTROL AND 
Stars REGISTER (TCSR) ($08). 


Bit7 Input Captiire Flag 2— ICF2 is set to indicate that 
a proper level transition has occurred; it is cleared 
by reading the TSR (with ICF2 set) and the input 
capture register 2 high byte ($1E), or during reset. 





SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with two 
data formats and a variety of rates. The SCI transmitter 
and receiver are functionally independent but use the 
same data format and bit rate. Serial data formats include 
standard mark/space (NRZ) and biphase; both provide 
one start bit, eight data bits, and one stop bit. “Baud” 
and “bit rate’” are used synonymously in the following 
description. 


WAKE-UP FEATURE 


In a typical serial loop multiprocessor configuration, 
the software protocol will usually identify the addres- 
see(s) at the begining of the message. To permit unin- 
terested MPUs to ignore the remainder of the message, 
wake-up feature is included whereby all further SCI re- 
ceiver flag (and interrupt) processing can be inhibited 
until its data line goes idle. An SCI receiver is re-enabled 
by an idle string of eleven consecutive ones or during 
reset. Software must provide for the required idle string 
between consecutive messages and must prevent it within 
messages. 


_ PROGRAMMABLE OPTIONS 


The following featues of the’ SCI are programmable: 
@ Format: standard mark/space (NRZ) or biphase 
®@ Clock: external or internal bit rate clock 
_ @ Baud: one of eight per E clock frequency or ex- 
ternal clock (x8 desired baud) 
@ Wake-Up Feature: enabled or disabled 
@ Interrupt Requests: enabled individually for trans- 
mitter and receiver 


@ Clock Output: internal bit rate clock enabled or 
disabled to P22 | 


SERIAL COMMUNICATIONS REGISTERS _ 
The SCI includes four addressable registers as depicted 


‘in Figure 22. It is controlled:by the rate and mode control 


register and the transmit/receive control and status reg- 
ister. Data are transmitted and received utilizing a write- 
only transmit register and. a read-only receive register. 
The shift registes are not accessible to software. 


Rate and Mode Control Register (RMCR) ($10) 


The rate and mode control register controls the SCI bit 
rate, format, clock source, and, under certain conditions, 
the configuration of P22. The register consists of five 
write-only bits which are cleared during reset. The two 
least-significant bits, in conjunction with bit 7, control the 
bit rate of the internal clock, and the remaining two bits 
control the format and clock source. 


RATE AND MODE CONTROL REGISTER 


Bit 1:BitO SS1:SS0 Speed Select — These two bits select 
the baud when using the internal clock. Eight 
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Figure 22. SCi Registers 


rates may be selected (in conjunction with bit 
7) which are a function of the MCU input fre- 
quency. Table 6 lists bit times and rates for 
three selected MCU frequencies. 


Bit 3:Bit 2 CC1:CCO Clock Control and Format Select — 
These two bits control the format and select 
the serial clock source. If CC1 is set, the DDR 
value for.P22 is forced to the complement of 

-CCO and cannot be altered until CC1 is cleared. 
If CC1 is cleared after having been set, its DDR 
value. is unchanged. Table 7 defines the for- 
mats, clock source, and use of P22. 


Bits 4-6 OG 
Not used. 


Bit? | EBE Enhanced Baud Enable — EBE selects the 


“standard MC6801 baud rates when clear and 
the additional baud rates when set (Table 6). 
This bit is cleared by reset and is a write-only 
control bit. 
EBE =0 standard MC6801 baud rates 
EBE=1 additional baud rates 


Bit 7:Bit 1 
Bit 1:Bit 1 


Ifboth. CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8x) the 
desired bit rate, but not greater than E, with a duty cycle 


of 50% ( + 10%). If CC1:CCO = 10, the internal bit rate clock 
is’ provided at P22 regardless of the values for TE or RE. 


NOTE 


The source of SCI internal bit rate clock is the . 
timer free-running counter. An MPU write to the 
counter in mode 0 can disturb serial operations. 


Transmit/Receive Control and Status Register (TRCSR) 
($11) 

The transmit/receive control and status register con- 
trols the transmitter, receiver, wake-up feature, and two 
individual interrrupts, and monitors the status of serial 
operations. All eight bits are readable; bits 0 to 4 are also 
writable. The register is initialized to $20 by. RESET. 


TRANSMIT/RECEIVE CONTROL AND.STATUS REGISTER 


rae [one ae Te [ee Tm wu | sn 


Bit0 Wake-Up on Idle Line — When set, WU enables the 
wake-up function; it is cleared by eleven consecu- 
tive ones or during reset. WU will not be set if the 
line is idle. Refer to WAKE-UP FEATURE. 


Bit 1. Transmit Enable — When set, P24 DDR bit is set, 
cannot be changed, and will remain set if TE is 
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Table 6. SCI Bit Times and Rates 







* Using maximum clock rate 
g 


Table 7. SCI Format and Clock Source Control 
; ‘ Clock ‘Port 2 


00 Biphase | Internal | Not Used 
01 
10 
11 


NRZ -{ Internal { Not Used: 

NRZ Output 

NRZ Input . 
subsequently. cleared. When TE is changed from 
clear to set, the transmitter is connected to P24. and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. do «sare 






















4 Internal 





External 


Transmit Interrupt Enable — When set, an IRQ2 is 


_ set; when clear, the interrupt is inhibited. TE is 


Bit 3 


Bit 4 


Bit 5 


’ writing to the transmit data register. Additional data. 
will be transmitted only if TDRE has been cleared. . 


Bit 6 


cleared during reset. 


Receive Enable — When set, the P23 DDR bit is 


cleared, cannot be changed, and will remain clear 
if RE is subsequently. cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared during reset. 


Receiver Interrupt Enable — When set, an IRQ2 

interrupt is enabled when RDRF and/or ORFE is set; 
- when clear, the interrupt is inhibited. RIE is cleared 

during reset. = 


Transmit Data Register Empty — TDRE is set when 
the transmit data register is transferred to the out- 
put serial shift register or during reset. It is cleared 
by reading the TRCSR (with TDRE set) and then 


Overrun Framing Error — If set, ORFE indicates 
either an overrun or framing error. An overrun is 
a new byte ready to transfer to the receiver data 
register with RDRF still set. A receiver framing.error. 
has occurred when the byte boundaries of the bit 
stream are not synchronized to the bit counter. An 
overrun can be distinguished from a framing error 
by the state of RDRF: if RDRF is set, then an overrun 


tig— | 24676 Wiz AO Mia «SCT 
ese| ssusso [2 [etnies —— 1.2288 MHz 
Too [0 | +16 | 6100.0-| ~ 26 ys | 6200.0 
ro fo | 1] 18 | 800.0 
ro [1 [0 | +102 | 6000 | 1.67 ms | 9766 | 1.024ms | 1200.0 6353 us| 
Pop [1 | 4086 | 180.0-| 6.67 ms | 244.1 4.006 ms | 360.0. | 3.3 ms | 
Pio] Of +64 | 9600.0] 1042 4s | 166250 _Ohns | 102000 8204 | 
a On ES = 
Pap of 812 [12000 | a583 ys 1963.1] 6t2as | 24000 A166ns | 
Pa Lt | 2008 | 9000[ 3.53 ms | ae 3 | Z05ms | e000 [167 me | 
1750000 [8.0 4s | 63600. 







has occurred; otherwise, a framing error has been 
detected. Data are not transferred to the receive 
data register in an overrun condition. Unframed 
_ data causing a framing error are transferred to the 
_ receive data register. However, subsequent data 
transfer is blocked until the framing error flag is 
cleared. ORFE is cleared by reading the TRCSR (with 
ORFE set) then the receive data register, or during 
reset. 


Bit 7 Receive Data Register Full — RDRF is set when the 
input serial shift register is transferred to the receive 
data register, or during reset. 


SERIAL OPERATIONS —_— | 


The: SCi is initialized by writing control bytes first to 
the rate and mode control register and then to the trans- 
mit/receive control and status register. When TE is set, 
the output of the transmit serial shift register is cannected 
to P24, and serial-output is initiated by transmitting a 9- 
bit preambie of ones. a 

At this point, one of two situations exists:. 1) if the. 
transmit data register is empty (TDRE= 1), a continuous 
string of ones will be sent indicating an idle Jine; or.2) if 
a byte has been written to the transmit data register 
(TDRE = 0), it will be transferred to the output serial shift 
register (synchronized with the bit rate clock), TDRE will. 
be set, and transmission will begin. 

The start bit (0), eight data bits (beginning with bit 0), 
and a stop bit (1) will be transmitted. lf TDRE is still set 
when the next byte transfer occurs, ones will be sent until 
more data is provided. In biphase format, the output tog- 
gles at the start of each bit and at half-bit time when a 
one is sent. Receive operation is controlled by RE, which 
configures P23 as an input and enables the receiver. SCI 
data formats are illustrated in Figure 23. 


INSTRUCTION SET 


The MC6801U4/MC6803U4 is directly source compat- 
ible with the MC6801 and upward source and object code 
compatible with the MC6800. Execution times of key in- 
structions have been reduced, and several instructions 
have been added, including a hardware multiply. A list 
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Figure 23. SCI Data Formats 


of new operations added to the MC6800 instruction set 
is shown in Table 1. 

In addition, two special opcodes, 4E and 5E, are pro- 
vided for test purposes. These opcodes force the program 
counter to increment like a 16-bit counter, causing ad- 
dress lines used in the expanded modes to increment 
until the device is reset. These opcodes have no mne- 
monics. 

The coding of the first (or only) byte corresponding to 
an executable instruction is sufficient to identify the in- 
struction and the addressing mode. The hexadecimal 
equivalents of the binary codes, which result from the 
translation of the 82 instructions in all valid modes of 
addressing, are shown in Table 8. There are 220 valid 
machine codes, 34 unassigned codes, and 2 codes re- 
served for test purposes. 


PROGRAMMING MODEL 


A programming model for the MC6801U4/MC6803U4 
is shown in Figure 8. Accumulator A can be concatenated 
with accumulator B and jointly referred to as accumulator 
D where A is the most-significant byte. Any operation 
that modifies the double accumulator will also modify 


accumulators A and/or B. Other registers are defined as 


follows: 


Program Counter 


_The program counter is a 16-bit register which always 
points to the next instruction. 


Stack Pointer 

The stack pointer is a 16-bit register which contains the 
address of the next available location in a pushdown/ 
pullup (LIFO) queue. The stack resides in random-access 
memory at a location defined by the programmer. 


Index Register 


The index register is a 2 16- bit register that can be used 
to store data or provide an-address for the indexed mode 
of addressing. 


Accumulators 


The MPU contains two 8-bit accumulators, A and B, 
which are used to store operands and results from the 


arithmetic logic unit (ALU). They can also be concaten- 
ated and referred to as the D (double) accumulator. 


Condition Code Register 


The condition code register indicates the results of an 
instruction and includes the following five condition bits: 
negative (N), zero (Z), overflow (V), carry/borrow from 
MSB (C), and half carry from bit 3 (H). These bits are 
testable by the conditional branch instructions. Bit 4 is 
the interrupt mask (I bit) and inhibits all maskable inter- 
rupts when set. The two unused bits, B6 and B7, are read 
as ones. 


ADDRESSING MODES 


Six addressing modes can be used to reference mem- 
ory. Asummary of addressing modes for all instructions 
is presented in Table 9, 10, 11, and 12; execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency. of 4. 
Mhz, one E cycle is equivalent to one microsecond. A 
cycle-by-cycle description of bus activity for each instruc- 
tion is provided in Table 14; descriptions of selected in- 
structions are shown in Figure 24. 


Immediate Addressing 


The operand or.immediate byte(s)” is contained in the 
following byte(s) of the instruction where.the number of 
bytes matches the size of the register. These are two- or 
three-byte instructions. 


Direct Address 


The least-significant byte of the operand adaress is 
contained in the second byte of the instruction, and the 
most-significant byte is assumed to be $00. Direct ad- 
dressing allows the user to access $00 through $FF, using 
two-byte instructions, and execution time is reduced by 
eliminating the additional memory access.:Jn most ap- 
plications, the 256-byte area is reserved for frequently 
referenced data: 


Extended Addressing 


The second and third bytes of the instruction contain 
the absolute address of the operand. These are three- 
byte instructions. 


MOTOROLA MICROPROCESSOR DATA 
3-160 - 





MC6801U4/6803U4 


Table 8. CPU Instruction Map 


MNEM MODE # {OP MNEM MODE MNEM MODE # |} OP MNEM MODE 










bend 





















































































34 DES INHER 3 1768 ASL INDXD 6 2 cPX DIR. 5 00 SUBB DIR 3 2 
35 =IxSs Bu. 4 Me JSR 5 01 CMPB 2 2 
36. PSHA 3°01 9— LDS 4 02 sBCcB 3 2 
37° PSHB 3 41 9F STS . .DIR 4 03. ADDD 5 2 
| 04 ~~ LSRD 3 1438 PULX 5 1 AO SUBA INDXD 4 D4  ANDB 3° 2 
05. -ASLD 3 14739 RTS 5 1 Al CMPA 4 05 = «BITB 3. 2 
06 ~=TAP 2  14)3A ABxX 3°41 A2 SBCA 4 06. LDAB 3 2 
07. «TPA 2 1738 RTI 10 1 A3 SUBD 6 D7 STAB 3. 2 
08 INX 3 143C PSHX 4°41 Ad ANDA 4 D8 EORB 3. 2 
08 = DEX 3 14730 MUL 10 1 A5 BITA 4 pg ADCB 3 2 
OA - CLV 2 1436 - Wal 9 1 {AG LDAA 4 DA ORAB cane 
2 143F . Sw 12. 1473 COM 6 3fA7 STAA 4 OB ADDB 3. 2 
2.07 NEGA 2 1474 LSR 6 34)A8 EORA 4 oc DD 4- «2 
2. “4 e AQ = ADCA 4 DD STO 4 2 
24 ROR 6 3] AA  ORAA 4 DE LOX 4 2 
2 77. ASR 6 3]AB ADDA 4 OF STX  OIR 42 
2 1 78 ASL 6 3] AC CPX 6 £0 SUBB INDXD 4 2 
2- A 79° ROL 6 3]AD JSR 6 —1  CMPB 4 2 
7A DEC 6 3]Ae LOS 5 —2 SBCB 4 2 
° AF STS. INDXD’ 5 £3. ADDD 6 2 
“INC 6 3{BGO SUBA EXTND 4 £4 ANDB 4°.2 
7D =TST 6 3781 CMPA 4 —5  -BITB 4 2 
‘17— amp 3. 3182 SBCA 4 £6 .LOAB 4 2 
‘|}7F CLR  €XTND 6 3483 SUBD 6 £7 STAB 4 2 
80 SUBA IMMED 2  2}84 ANDA 4 £8  EORB 4 2 
81 CMPA “2 2185 BITA 4 —9  ADCB 4 2 
82 SBCA 2  2]8B6 LDAA 4 EA  ORAB A 2 
83 SUBD 4 3]87 STAA 4 €B ADDB 4 2 
84 =ANDA 2  2]688 EORA 4 —C LOD 5 2 
85 BITA 2 2189 AOCA 4 ED STD 5 2 
86 LDAA 2  2]BA ORAA 4 €E  LDX 5° 2 
153° COMB g 4 . BB ADDA 4 —F STX I INDXD 5 2 
3.2 LSRB EORA 2  24.BC. CPX 6 FO © SUBB. EXTND 4. 3 
3. 2 e 89° ADCA 2 28D JSR 6 Fl -CMPB 4 3 
3 2 RORB 2. 178A. ORAA 2 278€ LDS 5 F2- SBCB 4. 3 
3 2457: ASRB 2 1 18B  AODDA 2  248F STS  EXTND 5 F3 ADDD 6 3 
3 2458 ASLB 2  148C CPX IMMED 4 34CO SUBB iMMED 2 F4 = ANDB 4 3 
3° 2459 °ROLB 2 1 {8D BSR’ REL 6 2]C1° CMPB : 2 Fh OBITB 4 3 
3 215A DECB 2 1 {8 LOS IMMEO 3 3]C2~ SBcB 2 F6 = LDAB 4 3 
3. 2 ° ° C3. ADDD 4 F7 STAB 4 3 
3.2 INCB 2 SUBA DIR 3. 244 , ANDB 2 Fg EORB 4 3 
3 2 75D. TSTB 2.1491 CMPA °3, 02 2 F9  ADCB 4 3 
3 256 T 92° SBCA 3. 2 2 FA ORAB . 4 3 
3 2]5F CLRB INHER) 2. 1 193°. SUBD 5 2 FB ADDB 4 3 
3) 2 NEG = INDXD 94 ANDA Be.) 2 FC LDO a} 
3 2 iy 9 = BITA ae 4:2 2 FD STC 6 3 
3. 2 96 ~~ LDAA 3 2 2 FE Lt 5. 3 
3 2 97. STAA 3° 62 2 FRO EXTND- §. 3 
3541 98. EORA 3 2 3 
3 44 {99 ADCA 3... 2 * =  =EE.NED OP CODE 
4 1 49A  ORAA 3°. 2 3 
4°41 49B ADODA 3.22 


NOTES: 
1. Addressing. Modes: : : 
INHER =Inherent INDXD =Indexed IMMED = Immediate 
REL = Relative EXTND = Extended DIR = Direct 


aye 


2. Unassigned opcodes are indicated by and should not be executed. 
3. Codes marked by ‘‘T” force the PC to function asa 16-bit counter. 


Indexed Addressing is overwritten with the sum of signed single-byte dis- 
placement in the second byte of the instruction and the 
current program counter. This provides a branch range 
of — 126 to + 129 bytes from the first byte of the instruc- 
tion. These are two-byte instructions. 


The unsigned offset contained in the second byte of 
the. instruction is added with carry to the index register 
and is used to reference memory without changing the 
index register. These are two-byte instructions. _ 


Net SUMMARY OF CYCLE-BY-CYCLE OPERATION 
The operand(s) is a register, and no memory reference 
is required. These are single-byte instructions. Table 14 provides a detailed description of the infor- 
: : mation present on the address bus, data bus, and the 
Relative Addressing readiwrite (RW) line during each cycle of instruction. 
Relative addressing is used only for branch instruc- The information is useful in comparing actual results 
tions. If the branch condition is true, the program counter with expected results during. debug of both software and 
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Table 9. Index Register and Stack Manipulation Instructions 

















ees ee ee ee 
Inherent Boolean/ nOnnnO 
| | te |e |~[ 4] Arithmetic Operation [HI [NI Z{ VC] 
Paecshatieee coe 4] sfec|s]2facie] 2fecle{s{ [ [ [x-mm+1 Te te TET ET 
[Decrement index Register | Dex | | TT [TT TT tT TT foofsfifx-1—x Te Te Te ae fe] 
| Decrement Stack Pointer |] DES | [TT Ty 7 | yt tt [sist i[se-i-se eee totele| 
nx COREE attra 
| Increment Stack Pointer ss | INS | [ [ [TTT Ty 7 [J] [sfstifise+imse eet elo ye | 
| Load index Register| LOX |ce] 3] 3}del4a[2fee[s| 2fre(s[a] [| [m—xnimen—=x fete [Titi a 
| Load Stack Pointer «|; tS (ee {3a[3foeja}2{ac[s| 2}ee[s}s] | [ [M—seyim+n—se.  [efe[ titi rte | 
s™x | [| forfay2fer[s{2trr(s(3t 7 [|x Mx m+) pe foT ets iate | 
Stow Sack Pomer Tis {| for [a[a farts] fer[s}a] | | |sraush men Toff Ua 
Ae 
Seater tae - 4 







. mc 
sale [eek x PY 
slacaenraarel dN eine 
TT TP menses PE 
pe — pe ee eee 
SP+1—* SP,Msp Xi 


Table 10. Accumulator and Memory Instructions (Sheet 1 of 2) 


jee | ne | | ee | | 
Accumulator and Boolean ices 
Memory Operation foo] - | #| 69] | # on] -| # lon] [# fon] expression [HJ IN]Z]v]c| 




























[Add Accumuators asa TTY SEE aber TTT 
ee noo 
rena ase ated fatetat TP  Yasucemse TTT 
Apes |oo{2 [2{oo{s{2}eo}4|2|rol4is| | | [Bemec—e | tie {tit} |t] 
= jae [2 }2{98{3{2|ael4|2leela{s| | | jAsm—-a it ie (title {t | 
apalcs|s{2}osta|afea|a]2frajafal_T | lesm—-a_ TEE 
[Add Double ——=~S=S*S~S*~*~S*~*«wANOYCBY}4 3] 09] 6 | 2 [es|o2|rsie{s{| | | joxmm+i—o |-|-{tit{tlt 
a fea {2 [2[os(s|2faatatelestais|_ | | JAm—a ‘t+ |e(titlrle] 
fanoa|ca}2 [2foa}s|2fes[s]2|ralafsf | | femme [|e lt|tlal- | 
Shift Lett, Arithmetic rast | [{ [| le@lel2felejs| | | sa tte 
pe “WHT —ofe fe ttt 
ase| | TE ({ lll lll fet bo ere yt 
| shift Left Double ——~=S«dASLOY | | |] 1) |) tie, |-j|-(titit{t] 
Shift Right, Arithmetic rash | 111) leteleitetst [11 = CM CHESEUERES 
peer ee ee Limit ete 
asrs} | || ttttltitli {eet © — feb ttt 
ane errata a Tee Hea 
Pairs |csf2 f2fos]s|2fes|4]2|rsts(s[ [ | fem re [eit ital | 
| Compare Accumulators _-|caAt | |t | {tt {1i{1i{injajija-s  ‘([e| 
Clear ar| | |] || fefelztele(s| [ [loom _—séz ++ 
carat Tttottt tt Lt et joa id 
creat { {| [| {{ {lll be{loms  — [e, 
Compare MEATS TSS FATS Ee 
fee ak, Co i hoo CE cr [2 [ator {a {2ferfe]2|er|ai3] || jem ——=sd «| 
Ts Complement rcom] | 1111 le@lel2sleis| || mmm —~+d + 
comal | | tT |1t tt {tt jeitiama  —~‘i|e | 
COMB 3 a = 
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Table 10. Accumulator and Memory Instructions. (Sheet 2 of 2) 












Accumulator and 
enty Operations 












Fs LT 
Decrement poecT [Tt Tf feafefatvafet sy} | | [voi 
== S| ret 
occa! TTT T1111 ales fetm3 fet ttl | 
Exclusive OR corA| ea] 2] 2[se[ a | 2[as[a[2fesfa[s{ [tT [aem—a eT e tt fal ef 
festa tat atatetatae st Teese fe La] | 
inerement rinct TTT TJ feclefapctefs] || [weimm || -[ titi tl] 
Pinca PP PPT PP ee fama Cd TI 
nce} |? } 11111) 1) fecl2[sfenme feds tity tl 
[oad Accumulator foaalae| a] af es] 3] afaal a [eteelafat [Tusa eT taf 
foams) 2) 2foel s | 2fes| «| 2 trol a] 3 He (ee Ree EE EEE 
Load Double | 3] [ [umeimo Te Tet tp ale | 
Logical ‘Shift, Left 







































. it {ty 
Shift Right, Logical r | tity 
PTT faa Pefeta tit] tl 
| | | ls ee aa Pet efaytl tl 
po 4 2) 2 ee 2 2 
ETT ras a 170 TT ET TT Ty fsofioftfaxe—o ee Te Te fe et 
2's Complement (Negate) Pnec}] | | Hate Sse: aft 0O-M-*M Pe fel t{tl[ tit 
eee PT TT TT faofe ts foo-asa fe fe tt tt 
[Ness] | TT TTT TTT TT feof2]s fo-e—8 oe Pe ttt 
NOP Atha bE oe Pe ene eeet sre. 220 = ae es [eles 
SSE [2foals[2faatal2|eata[s~ [ [ fasm—a [ete Etre | 
foras|cal 2 2| af atead stra stat Tf ewe eta 
Push Data fesHa; [| | | [ [sefs {1 fase Te [oto Tole] | 
a CEE ata eee 
Pull Data ES A ee 
fpucey [oP Ty Py TT TT Ty [estat Ystacc—p de Te Te To Te Te | 
Rotate Left Fo ee fete titi att | 
a ea tte (J ee Tn -o diet [titty ty 
ROLB ae Bene BERRA fo fe [titi t{t | 
Rotate Right Ca i ee le{2{vele{3] [ | | = BORnee 
froma TT TT TET EP TT feet] CI Ee 
rorB] [ [ff | tt | tt tt [ssj2ts | : ie fe T tte yt | 
PES ee aE Be A fete[t [ati ty 
Subtract with Carry [sacals2|2[2[o2[s|2[a2ta[2|e2ta[3s[— | [ fa-m-cma fe [eT tat 
et te [ssce{c2[2|2[o2[3{2fezs]2frzfats] [ [ fe-m-c—me fe [ef titi ttt | 
Store Accumulators staal | | tor[s[ataelelerta[at | | laa id dt ite | 
[staal | [ Joristatertsfater[ats] TT Jem fe BTR TR] | 
[sto] | [ fools [eects [2fro[s{s{ [ [ fo—mm-1 [ee] 
Subtract lsusajao] 2] 2feo[s]2faol4]2teofa{3s] [ [ fa-m—a so | 
suse |col2|2{oo]3]2leof4|2|roj4{3] [ | |[s-m—s ae Ca 
[subtract Double [Supe] a[ sfea[s[2|asfe [2feste]3a] | | [oomm-i—o qe |e | 
Tensteracsmagor tte FT SRR eRe SOE eee 
aS 
Test, Zero or Minus a af fete oh 3 | {m— 00 a 
)TSTA | | 2] 1 Ja-00 
TT foo fz [1 Ja 00 ro 





The condition code register notes are listed after Table 12. 
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Table 11. Jump and Branch Instructions 
























_ ei —. Fe 
operation eT FTO] ~[ Foal [Foo] -[F[Oml~[F] branch Tee [HT TNT Z| VICI 
PBranchAwovs id wT TT Pors}2] | | | P| Pd [weep] 
Paranch Never penn | | datatat | 1 [| || [Noe ete 
acc] || [uist2] PP TEP fe=o Booooo 
acs {4} 1 alafet 1} 1 e- poongno 
PBrenchf=zere i wT | | datspep | |] TT | ens Boocm 
farenchivezero peace | | [aclatay | | F111] | in@vqo gogcm 
Ferenchit>zero pect] | | felsta} | {1 11) yd] iw Ovco feb pep] 
Foranch Higher en | || Jzlatal | P|] 11 fever PT 
Faranch Higher orSeme pens} || Ifat2} | 11111] feo eel le 
alt) jebrtt ttt Lt ewe Peel t] 
[aronchiceryse spoT | | fmtsyay | FT Td et aogGoG 
ete ee epee ea ieee etal 
ST NO 2) 
Feranch ifwinus pai || stat2t | |} 1] [| er fe fete dete fe 
[aranch Not equalzero_fpene| | | Iwlst2t| Pt 11 {| i-o0 |e |efe fo] 
[erench if Overow Gear Pave] || fatat2, | 11.111] Wo fe lef dete fe] 
ast tt iart2t11111{ 1p Boggoo 
feranchiipus ome | | ats(2t |] PT seo ed de de fe 
feranch To Subroutine pase | | | jeofel2] ||] 11] 11. agoGodG 
ae Es eee eee Se 
[lump Te Subroune vse So]s] 2} | | _faole|zfeofe [a] |] PPP er ry 
[no Operation wom? TP PTT TT] LI ee? Od TT 
fRewnFrom mone pam | TP Pt. P| yd pehol LALILAESESE 
AST PPT TTL TILL fo9 Js [| see soecal Oneraions-rigure ads [> fo fo fe | 
Fsofwere nterupe sw PP TT | | le pel Piste i 
fweitForinerup twa ttt ttt itt ti felet BGgGiG 


Table 12..Condition Code Register Manipulation Instructions 


Inherent Ta [3 [211] 0 






















othe ie Operations _— | MNEM | Op. | ~ | # | Boolean Operation RS 
Clear Carry | es Eo ee eee 
Glas interrupt Mask, ee Te Pea Oe ase [eel or] 
Clear Overflow. fs ive oa a ov se fee be a | 
Fe ec ce ST ee ee ee 
[Set interrupt Mask ce or PT tm te Ts ete Te fe] 
ot Oe Pe ee ee Ce ee 
fAccumulatorA—=ccR AP Poo 2 [| amcer [ttt tt 
Se 
LEGEND: Fe CONDITION CODE SYMBOLS 

Op Operation Code (Hexadecimal) H_ Half-carry from bit 3 


~ -Number of MPU Cycles Interrupt mask.” 


| 
Msp: Contents of memory location pointed to by Stack Pointer N Negative (sign. bit) 
# Number of Program Bytes Z Zero (byte) 
+ Arithmetic Plus V Overflow, 2's complement 
- Arithmetic Minus C Carry/Borrow from MSB 
© Boolean AND R Reset Always 
' X° Arithmetic Multiply S Set Always 
+ Boolean Inclusive OR t Affected 
@ Boolean Exclusive OR © Not Affected 
M Complement of M 
— > Transfer Into 
O Bit= Zero 
0O Byte= Zero 
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Table 13. Instruction Execution Times in E Cycles — 





ADDRESSING MODE 


on 


ADDRESSING MODE 











eAneioy 


Rast 





LSLO 
LSRD 
MUL 
NEG 
NOP 





re ieee ee 


pexepuy | @mMows no ww 


m2nnlentwrnnnlSnnennnleoeeece 


poise 
petesececes eee. ° 


@eevreeeirnnnv0e 
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BHS 
BIT 








BLE 
BLO 
BLS 
BLT 
BMI 
BNE 
BPL 


BRA 
BRN 
BSR 
LBvc 





BVS 
CBA 
CLC 
CLR 
CLV 
CMP 


CLI 





COM 
CPX 
DAA 
DEC 
DES 
DEX 
EOR 
INC 
INS 
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Table 14. Cycle-By-Cycle Operation (Sheet. 1. of 5) 


Address Mode and Cycle] ; R/W 
Instructions Cycles}. # Address Bus Line 


IMMEDIATE 





Opcode Address Opcode 
Opcode Address + 1 Operand Data 


Opcode Address Opcode 

Opcode Address+1 Operand Data (High Order Byte) 
Opcode Address+2 _ Operand Data (Low Order Byte) 
Opcode Address Opcode. 

Opcode Address + 1 Operand Data (High Order Byte) 
Opcode Address + 2 Operand Data (Low Order Byte) 
Address Bus FFFF Low Byte of Restart Vector 





DIRECT 


Opcode Address Opcode 
Opcode Address+1 ° Address of Operand 
Address of Operand Operand Data 





Opcode Address Opcode 

Opcode Address+1 Destination Address 
Destination Address Data from Accumulator 
Opcode Address - Opcode 

Opcode Address+1 - Address of Operand 

Address of Operand ‘Operand Data (High Order Byte) 
Operand Address +1. Operand Data (Low Order Byte) 


Opcode Address 7 Opcode 

Opcode Address + 1 Address of Operand 

Address of Operand Register Data (High Order Byte) 
Address of Operand + 1 Register Data (Low Order Byte) 
Opcode Address Opcode : 

Opcode Address + 1 Address of Operand 

Operand Address Operand Data (High Order Byte) 
Operand Address + 1 Operand Data {Low Order Byte) 
Address Bus FFFF 7 Low Byte of Restart Vector 


Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer —1 





Opcode 

Irrelevant Data 

First Subroutine Opcode 7 
Return Address {Low Order Byte) 
Return Address (High Order Byte) 


1 

2 

3 

7 1 
2 
3 

1 

2 

3 

4 

1 

2 

3 

4 

1 

; 2 
3 

4 

5 

1 

2 

3 

4 

5 


joo =~ 
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Table 14. Cycle-By-Cycle Operation (Sheet 2 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus ; 


EXTENDED 





WN ]] WH — 


OQeWN = 


fo>) 


Opcode Address 


Opcode Address + 1 
Opcode Address + 2 
Opcode Address 

Opcode Address + 1 
Opcode Address + 2 
Address of Operand 


Opcode Address 
Opcode Address + 1 


Opcode Address + 2 
Operand Destination Address 


Opcode Address 
Opcode Address+ 1 
Opcode Address +2 
Address of Operand 
Address of Operand+ 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2. 
Address of Operand 
Address of Operand+ 1 
Opcode Address 
Opcode Address +. 1 
Opcode Address + 2 
Address of Operand 
Address Bus’ FFFF 
Address of Operand 
Opcode Address 
Opcode Address + 1.. 
Opcode Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF. - 


Opcode Address 

Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer— 1 





Opcode 
Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 
Opcode : : 

Address of Operand 

Address of Operand (Low Order Byte) 
Operand Data ~ 





Opcode ‘ 
Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator’ 

Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode ; 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 

Opcode ‘ 

Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


-Low Byte of Restart Vector 


Opcode ; i 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next Instruction 

Return Address (Low Order Byte) . 
Return Address (High Order Byte) 


*TST does not perform the write cycle during the sixth ‘cycle. The sixth cycle is another address bus= SFFFF. 
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Instructions Cycles| # ; 





INDEXED 


BWNH —-f&®NH — 


1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
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Table 14. Cycle-By-Cycle Operation (Sheet 3:of 5) 


Address Bus 





Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1° 
Address Bus FFFF. 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset+ 1 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset+ 1 
Opcode Address 

Opcode Address +1» 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

Index Register Plus Offset 
Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register+ Offset 
Index Register + Offset + 1 
Address Bus FFFF 


Opcode Address 


Address Bus FFFF 
Index Register + Offset 
Stack Pointer 

Stack Pointer—1 


R/W : i 
Line Data Bus . : : 





Opcode 
Offset 
Low Byte of Restart Véctor 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


| Opcode 


Offset = 

Low Byte of Restart Vector 
Operand Data (High Order. Byte) 
Operand Data’ (Low Order Byte) 
Opcode 

Offset : 

Low Byte of Restart Vector 
Operand Data (High Order Byte} - 
Operand Data (Low Order Byte) 


Opcode .. 

Offset : 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 


.New Operand Data 


Opcode | 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte} 
Low Byte of Restart Vector 
Opcode 

Offset . 

Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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Table 14. Cycle-By-Cycle Operation (Sheet 4 of 5) 


Opcode Address 
Opcode Address + 1 


Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Previous Stack Pointer Contents 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer —1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 1 
Stack Pointer +2 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer +1 
Stack Pointer +2 
Opcode Address — 
Opcode Address + 1 
Stack Pointer 
Stack Pointer—1 
Stack Pointer — 2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer—5 
Stack Pointer -6 


Opcode 
Opcode of Next Instruction 


Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Opcode 

Irrelevant Data 

Low Byte of Restart Vector 


Opcode 

Opcode of Next Instruction 
Irrelevant Data 

Opcode : 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 

Opcode of Next Instruction 
Accumulator Data 

Opcode 

Opcode of Next Instruction 


Irrelevant Data _ 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


| Opcode 


Opcode of Next Instruction 
Irrelevant Data 
Operand Data from Stack 


Opcode 

Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Opcode 

Irrelevant Data 

Irrelevant Data 

Index Register (High Order Byte) 
Index Register (Low Order Byte) 
Opcode 

Irrelevant Data 

Irrelevant Data 

Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 
Opcode 

Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Regi 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle R/W 
instructions Cycles| # Address Bus Line Data Bus 


INHERENT | 





Opcode Address — Opcode 

Opcode Address + 1 Irrelevant Data 

Address. Bus FFFF Low. Byte of Restart Vector 
Address Bus FFFF : Low Byte of Restart Vector 
Address Bus FFFF Low Byte of Restart Vector 
Address Bus FFFF . Low Byte of Restart Vector 
Address Bus FFFF . Low Byte of Restart Vector 
Address Bus FFFF Low Byte of Restart Vector 
Address Bus FFFF Low Byte of Restart Vector 
Address Bus FFFF Low Byte of Restart Vector 


Opcode Address ; Opcode 

Opcode Address + 1 Irrelevant Data 

Stack Pointer Irrelevant Data 

Stack Pointer+1 Contents of Condition Code Register from Stack 
Stack Pointer+2 Contents of Accumulator B from Stack 

Stack Pointer+3 Contents of Accumulator A from Stack 

Stack Pointer+4 Index Register from Stack (High Order Byte) 
Stack Pointer+5 Index Register from. Stack (Low Order Byte) 
Stack Pointer+6 —, ; , Next Instruction. Address from Stack (High Order Byte) 
Stack Pointer+7  - Next Instruction Address from Stack (Low Order Byte) 
Opcode Address Opcode 

Opcode Address+ 1 Irrelevant Data 

Stack Pointer Return Address (Low Order Byte) 

Stack Pointer-—1 , Return Address (High Order Byte) 

Stack Pointer —2 Index Register (Low Order Byte) 

Stack Pointer -3 Index Register (High Order Byte) 

Stack Pointer —4 Contents of Accumulator A 

Stack Pointer —5 Contents of Accumulator B 

Stack Pointer -6 Contents of Condition Code Register 

Stack Pointer —-7 Irrelevant Data 

Vector Address FFFA (Hex) Address of Subroutine (High Order Byte) 

Vector Address FFFB (Hex) Address of Subroutine (Low Order Byte) 


OONAMDAWNAIGFODNAMAWN — 


— 
oO 


7 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 


Opcode Address. | Opcode 
Opcode Address +1 : Branch Offset 
Address Buss FFFF Low Byte of Restart Vector 


Opcode Address Opcode 

Opcode Address + 1 Branch Offset 

Address Bus FFFF Low Byte of Restart Vector 
Subroutine Starting Address Opcode of Next Instruction 

Stack Pointer Return Address (Low Order Byte) 
Stack Pointer—1 Return Address (High Order Byte) 
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JSR, Jump to Subroutine SWI, Software Interrupt Main Program SP Stack 


Main Program 

















PC pe Se SP? 
a RTN sp-6 | Condition Code 
Direct SP-5 Acmitr B 
RTN SP-4 Acmitr A. 
K = Direct Address 7 SP-3 | Index Register (X}) 
Main Program se Stack WAI, Wait for Interrupt Main Program SP-2 | Index Register (X:} 
: RTi, Return from Interrupt Interrupt Program Els Stack 
Main Program - : - PC 
ec Paes Condition Code 
Acmitr B 
EXTND 
Acmitr A 
RTN Index Register (X}) 


index Register (X, ) 
RTNY 
RIN 


BSR, Branch To Subroutine 
~ Main Program sP Stack 


+K = Offset SP-1 RTNY 


$6E = JMP 


K = Offset 
INDXD 


RTS, Return from Subroutine Subroutine SP Stack : Extended K| = Next Address 


ee ee SP+1 K | Next Instruction 
—P SP+2 RTNL 





Main Program 









$7E= JMP 






Ky = Next Address 





Legend: 
RTN= Address of next instruction in Main Program to be executed: upon return from subroutine 
RTNy = Most significant byte of Return Address 
RTN, = Least significant byte of Return Address 
*— = Stack Pointer After Execution 
K =8-bit Unsigned Value 


Figure 24. Special Operations 
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ORDERING INFORMATION 


The following information is required when ordering a 


custom MCU. The information may be transmitted to Mo-- 


torola using the following media: 
MDOS, disk file 
PC-DOS disk file (360K) 
EPROM(s) Two 2516 or 2716,or a single 2532, 2732, 
or MC68701U4 


To initiate a ROM pattern for the MCU, it is necessary to - 


first contact the local field-service office, sales person, or 
Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or PC-DOS disk 
file) may be submitted for pattern generation. They should 
be programmed with the customer's program, using po- 
sitive logic sense for address and data. The diskette should 
be clearly labeled with the customer's name, date, project 
or product name, and the filename containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s disk operating system available 
on the EXORciser development system. The disk media 
submitted must be a single-sided, single-density, 8-inch, 
MDOS-compatible floppy diskette. The diskette must 
contain the minimum set of MDOS system files in ad- 
dition to the pattern file. 

The .LO output of the M6801 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6801 memory. The entire memory image 
of both program and data space must be included. All 
unused bytes, including those in the user space, must be 
set to logic zero. 


PC-DOS Disk File 

PC-DOS is IBM® personal computer disk operating sys- 
tem. Submitted disk media must be standard-density 
(360K), double-sided, 5-1/4-inch-compatible floppy dis- 
kette. The diskette must contain the object file code in 
Motorola’s S-record format. The S-record format is a 
chracter-based object file format generated by M6801 
cross assemblers and linkers on IBM PC-style machines. 


EPROMS 


Two K of EPROM are necessary to contain the entire 
MC6801U4 program. Two 2516 or 2716 type EPROMS, a 


MDOS is a trademark of Motorola Inc. 


single 2532 or 2732 type EPROM, or an MC68701U4 can 
be submitted for pattern generation. The EPROM is pro- 
grammed with the customer program, using positive logic 
sense for address and data. Submissions on two EPROMs 
must be clearly marked. All unused bytes, including the 
user’s space, must be set to zero. 

Whether the MC6801U4 MCU ROM pattern is submit- 
ted ona single 2532 or 2732 type EPROM, an MC68701U4, 
or on two 2516 or 2716 type EPROMs, memory map ad- 
dressing is one-for-one. When using a single 2532 or 2732 
EPROM, the ROM pattern to be copied runs from EPROM 
address $000 to$FFF. If an MC68701U4 is used, the ROM 
map runs from $F000 to $FFFF. If a pair of 2516 or 2716 
type EPROMs is used, then they must be clearly marked; 
the data-space ROM runs from EPROM address $000 to 
$7FF, and the program-space ROM from $7FF to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


VERIFICATION MEDIA 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola wil! program cus- 
tomer-supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units wiil have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum-order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


ORDERING INFORMATION 

The following table provides generic information per- 
taining to the package type and temperatue for the MC6801 
and MC6803. These MCU devices are available in 40-pin 
CERDIP and plastic dual-in-line (DIP) packages. 


IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA AND ORDERING INFORMATION 


The following table provides generic information per- and MC6803. These MCU devices are available in 40-pin 
taining to the package type and temperatue for the MC6801 CERDIP and plastic dual-in-line (DIP) packages. 


GENERIC INFORMATION 


































Cerdip 0° to 70°C MC6801U4S1 
(S Suffix) is — 40° to 85°C - MC6801U4CS1 
1.25 0° to 70°C MC6801U4S1-1 
1.25 — 40° to 85°C MC6801U4CS1-1 
1.0 0°. to 70°C MC6803U4S 
—40° to 85°C MC6803U4CS 
0° to 70°C MC6803U4S-1 
—40° to 85°C MC6803U4CS-1 




















Plastic - 0° to 70°C MC6801U4P1 













(P Suffix) — 40° to 85°C MC6801U4CP1 
0° to 70°C MC6801U4P1-1 
— 40° to 85°C MC6801U4CP1-1 
0° to 70°C MC6803U4P 
— 40° to 85°C MC6803U4CP 
0° to 70°C MC6803U4P-1 
— 40° to 85°C MC6803U4CP-1 





PIN ASSIGNMENT 


VssQi @ 
XTAL G2 
EXTALQ3 
NMI 
TRO 5 
RESET 
Vcc U7 
p20 48 
P2109 
P22 [110 
P23 411 
P24 []12 
Pi0[ 
P1114 
P12 {15 
P1316 
P14 17 
P15 
P16 019 
P1720 
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TECHNICAL DATA MViC68701 


Advance Information 
MC68701 Microcontroller Unit (MCU) 


The MC68701 is an 8-bit single-chip EPROM bnicrocanitrellek unit (MCU) which significantly en- | 
hances the capabilities of the M6800 Family of parts. It can be used in production systems to allow 
for easy firmware changes with minimum delay or it can be used to emulate the MC6801/MC6803 
for software development. It includes an upgraded M6800 microprocessor unit (MPU) with upward 
source and object code compatibility. Execution times of key instructions have been improved and 
several new instructions have been added including an unsigned multiply. The MCU can function 
as a monolithic microcomputer or can be expanded to a 64K byte address space. It is TTL compati- 
ble and requires one +5 volt power supply for nonprogramming operation. An additional Vpp 
power supply is needed for EPROM programming. On-chip resoources include 2048 bytes of 
EPROM, 128 byte of RAM, Serial. Communications Interface (SCI), parallel I/O, and a three function — 
Programmable Timer. A summary of MCU features includes: 

@ Enhanced MC6800 Instruction Set. 

© 8x8 Multiply Instruction 

@ Serial Communications Interface (SCI) 
e Upward Source and Object Code Compatibility with the MC6800 
® 16-Bit Three-Function Programmable Timer 
® Single-Chip or Expanded Operation to 64K Byte Address Space 
@ Bus Compatibility with the M6800 Family 
e 
e 
e 
e 
e 





2048 Bytes of UV Erasable, User Programmable ROM (EPROM) 
128 Bytes of RAM (64 Bytes Retainable on Powerdown) 

29 Parallel /O and Two Handshake Control Lines 

Internal Clock Generator with Divide-by-Four Output 

— 40 to 85°C Temperature Range 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC68701 MICROCOMPUTER BLOCK DIAGRAM 


RESET/Vpp 


Vec 
Vss 
XTAL1 
EXTAL2 
ae 
NM 
at 


P32 P22 


P33 . al P23 
P3A P24 
P36 Port 3 

P36 3 


P30 LL ¢ P20 
Pa aL Di a al tie 
pal ae 6 
an 


P37 
$c2 
$c 

P11 


P40 
P4i~e 
P42 Address 
P43 Port 4 
P44 
P45 
Pa6 <e P12 
P47 : P13 
P14 
PIB 
Voc Standby 2048 x 8 P16 
RAM ' EPROM 
: : : : - P17 
MAXIMUM RATINGS 


__ Rating Symbol | Value] Unit_| 
Supply Voltage —0.3 to +7.0 | ov | 
Input Voltage | Vin —0.3 to +7.0 a 


Operating ds ame TL to TY 
MC68701 - 0 to 70 
MC68701C — 40 to 85 
Storage. Temperature: Range tases | strained to the range Vgg. (Vin of Vout) $ VCC. 
Reliability of operation is enhanced if unused in- 


THERMAL CHARACTERISTICS puts are tied to an appropriate logic voltage level 


{e.g., either Vsg or Vcc). 
—__Steestinte___| St |__ alae _ Batis J 


Thermal Resistance 
Ceramic Package 
Cerdip Package 






P10 













This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voitages 
td this high-impedance circuit. For proper opera- 
tion it is recommended that Vin and Vout be con- 

























POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 


Ty=Tat(Pp*8ya) “Ee ~ (1) 
where: : i 
Ta = Ambient Temperature, °C 
OA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD < PINT? PPORT 
Pint = =!cec%Vec: Watts —— Chip Internal Power 


PporRT = Port Power Dissipation, 
Watts — User Determined 

For most applications PoortT<Pint and can be neglected. PPORT may peceme momifcant if the device i is configured 
to drive Darlington’ bases or sink LED loads. 

An approximate relationship between Pp and Ty (if Pport i is neglected) is: i or 
Pp=K= (fy +273") . At thank Arua cet ee (2) 
Solving eaeauene (1) and (2) for K gives: ann 

K=Pp- (Ty +273°C) + 0yarPp? Aa ~ (3) 

where Ki is a constant pertaining to the particular part. K can be determined from equation (3}-by. measuring Pp (at — 
equilibrium) for a known T,. Using this value of K, the values of Pp and Ty can be obtained by pune: equations (1) 
and (2) Heratively for any value of fTA 
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CONTROL TIMING (Vcc=5.0 V +5%, Vgg=0 to 70°C) 


Characteristic Symbol 
Frequency of Operation , | fo | 05] 1.0] 05 | 1.25 0.5 | 2.0 | 
| Crystal Frequency | xan | 20 | 40 | 20 | 5.0 | 20 | 80 | 
External Oscillator Frequency ‘ | 4fo | 20 | 40 | 20] 50 | 20 | 80 | 
Crystal Oscillator Start Up Time ; : | tre . | — | 100 | — | 100| — | 100 | 
Processor Control Setup Time | — | 110 | — | 























= MC68701C 
Characters symbol | Min | Typ [Max | Min | Typ | Max _| Unt 








Input High Voltage RESET . 1Vggt+4.0 
Other Inputs* |. Vi | Vgg+2.0 


Input Low Voltage RESET Vss-0.3 
Other Inputs* Vir |V¥ss—-0.3 










Vcc Vsst+4.0 Vcc 

Vcc Vsg+2.2 Vcc Vv 
Vsgt+0.4 [Vss—0.3 Vss +0.4 
Vsgt0.8 | Vss-—0.3 Vsst08! V 






nol 
- Oo 
om 


Input Current, See Note ; Port 4 
(Vin=0 to 2.4 V) sci 

Input Current aves 
(Vin=0 to 5.25 V) NMI Lien 











Input Current =< 
(Vin =0 to 0.4 V) RESET/Vpp | lin 
(Vin=4.0 V to Vcc) 
Hi-Z (Off State) Input Current 
(Vin =0.5 to 2.4 V) . Ports 1, 2, and3]° ITs| 


Output High Voltage 
(lLoad= —65nA, Vcc=Min) Port 4, SC1, SC2 Vggt+2.4 
(Load = — 100 nA, Vcc = Min) Other Outputs Vggs+2.4 
Output Low Voltage 
ILoad = 2.0 mA, Vcc =.Min) 
Darlington Drive Current - 
(Vo=1.5V) 
Internat Power Dissipation 
| {Measured at Ta=T, in Steady-State Operation) 
Input Capacitance. ; Port 3, 
(Vin=0, Ta = 25°C, fo=1 MHz) Port 4, SC1 
ay Other Inputs} 
Vcc Standby Powerdown 4.0 
Powerup |. Vsp 4.75 
Standby Current Powerdown 


Programming Time Per Byte {Ta = 25°C) t 


Programming Voltage (Ta = 25°C) Vpp 


(VRESET = Vpp. TA=25°C) 
*Except mode programming levels; see Figure 15. 
NOTE: RESET/Vpp lin differs from MC6801 and MC6803 values. 


Dad on 
No 
ol 



































Cin 












No 
an 


Uv 
-~ 
oO 








PERIPHERAL PORT TIMING (Refer to Figures 3-6) 


Characteristic : | Sambo | 


Delay Time, Enable Postve Transition to OSS Postve Transiion | tosp2 | 





Input Strobe Pulse Width 
| Input Data Hold Time ~~. > 2° ere mo 


Input Data Setup Time 








| tw | 50 | 
p= hse | 20) 20: 
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FIGURE 2 — DATA SETUP AND HOLD TIMES 


FIGURE 1 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) 


(MPU READ) 


MPU Write 
eo Read i 













tcmos 
P10-P17 
P20-P24 ~ =" 0.7 VEC 
P40-P47 
ape my Dae Data Valid 
Port Outputs 
P30-P37 
Inputs * 
NOTES: 
1..10 k Pullup resistor required for Port 2 to reach 0.7 Vcc 
*Port3 Non-Latched Operation (LATCHE ENABLE= 0) 2. Not applicable to P21 


3. Port 4 cannot be pulled above Vcc 


FIGURE 4 — PORT 3 LATCH TIMING 


FIGURE 3 — PORT 3 OUTPUT STROBE TIMING 
(SINGLE-CHIP MODE) 


(SINGLE-CHIP MODE) 





- MPU access of Port 3* 


wo 


Address 
Bus 






($0006) 


2 ; ; : : : : 
_ OSD1 OSD2 _ P30-P37 
OS3 inputs 


* Access matches Output Strobe Select (OSS =0, a read; 
OSS =1, a write) 





NOTE: Timing measurements. are referenced to a low voltage of 0.8 volts and a high voltage of 2.0 volts unless otherwise noted. 

FIGURE 5 — CMOS LOAD FIGURE 6 — TIMING TEST LOAD PORTS 1, 2, 3, 4 
Vcc 

RL =1.8 kQ 


MMD6150 
or Equiv. 


Test Point 
Test Point 
ae ; _ 
7 30 pF 


C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R=37 kf for P40-P47, SC1, SC2, 
= 24 kQ for P10-P17, P20-P24, P30-P37, E 


MMD7000 
or Equiv. 
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BUS TIMING (See Notes 2 and 3). 


Ident ee ere _ 
Number u* ~ Characteristic 


= 
| o/s 
: So 


ho 
S 
oO 


nN PaaS) wIisin Blo 
@ |. a a! 


3 
I 
oO} § 


~ 
oO 








Max 
2.0 | 
ea 
i 
= 
a 
225 
ne 
=i 
es 
=a 
a 
= 
ra 
ee 


Lh 
[o2) 
oa 





*At specified cycle time. : 
**tasSp parameters listed assume external TTL clock drive with 50% +5% duty cycle. Devices driven by an external TTL clock with 
50% +1% duty cycle or which use a crystal have the following tasp specification: 100 nanoseconds minimum (1.0 MHz devices), 

80 nanoseconds minimum (1.25 MHz devices), 50 nanoseconds minimum (2.0 MHz devices). 


FIGURE 7 — BUS TIMING 


) 
| @) 
: a ee 
Y) 
a 


K® © 
10s, (9) 9) 


R/W, Add RAAA/\\AAF RA /J\/ 
WNor-Munea |XX —‘“‘CsSsSC~dCSiR 


| tes. pe: a 
_ @ : 
Addr/Data KX) WY té«<S [| rewscoumues _- ———}9 
Peen< eee 


Muxed X) 
(3) G2 


Addr/ Data 


Muxed _ Sa x "5 as. Write Data Muxed a 
he —(9.\— > . | 
er | Fo le- 
Address eae 
es 
| @ 


Strobe (AS) 


@ 
NOTES: 


1. Voltage levels shown are V; <0.5 V, VW22.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 

3. Usable access time is computed by 12+ 3- 17+4. 

4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
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INTRODUCTION 


The MC68701 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con- 
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a Data Register 
and a write-only Data Direction Register. The Data Direction 
Register is used to define whether corresponding bits in the 
Data Register are configured as an input (clear) or output 
(set). 

The term ‘‘port,” by itself, refers to all of the hardware 
associated with the port. When the port is used as a ‘‘data 
port’ or “I/O port,’ it is controlled by the port Data Direc- 
tion Register and the programmer has direct access to the 
port pins using the port Data Register. Port pins are labled as 
Pij where i identifies one of four Ports and j indicates the par- 
ticular bit. 

The Microprocessor Unit (MPU) is an enhanced MC6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 


MC6800. The programming model is depicted in Figure 8 
where Accumulator D is a concatenation of Accumulators A 
and B. A list of new operations added to the M6800 instruc- 
tion set are shown in Table 1. , 


The basic difference between the MC6801 and the 
MC68701 is that the MC6801 has an onboard ROM while the 
MC68701 has an onboard EPROM. The MC68701 is pin and 
code compatible with the MC6801 and can be used to 
emulate the MC6801, allowing easy software development 
using the onboard EPROM. Software developed using the 
MC68701 can. then. be masked into. the MC6801 ROM. 

In order to support the onboard EPROM, the MC68701 dif- 
fers from the MC6801 as follows: 

(1) Mode 0 in the MC6801 is a test mode only, while in the 
MC68701 Mode 0 is also used to program the onboard 
EPROM and has interrupt vectors at $BFFO-$BFFF 
rather than $FFFO-SFFFF. 

The MC68701 RAM/EPROM Control Register has two 

bits used to control the EPROM in Mode 0 that are not 

defined in the MC6801 RAM Control Register. 

(3) The RESET/Vpp pin in the MC68701 is dual purpose, 
used to supply EPROM power as well as to reset ne 
device; while in the MC6801 the pin is called RES 

“and is used only to reset the device. 


(2) 





FIGURE 8 — MC68701/6801/6803 PROGRAMMING MODEL 











8-Bit Accumulators. A and B 
Or 16-Bit Double Accumulator D 


O} index Register (x) 
- O} Stack Pointer (SP) 


O} Program Counter (PC) 


[EEDEERI Condition Code eae: (CCR) 


Carry/ Borrow from MSB 
Overflow 

Zero 

Negative . 

Interrupt 

Half Carry (From Bit 3) 
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TABLE 1 — NEW INSTRUCTIONS 


| Instruction | Description 


Unsigned addition of Accumulator B to Index Register 



















Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator | 

ASLD or LSLD]Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into. the C-bit 
Branch if Higher or Same; unsigned conditional branch (same as BCC) 

Branch if Lower; Unsigned conditional branch (same as BCS) 






Branch Never 
Additional addressing mode: direct 
Loads double accumulator from memory 






Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit (same as 
ASL) : ere 


Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 
Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 

Pushes the Index Register to stack " 

Pulls the Index Register from stack 

Stores the double accumulator to memory , 

Subtracts memory from the double accumulator and leaves the difference in the double accumulator 


Internal processing modified to permit its use with any conditional branch instruction 


TABLE 2 — SUMMARY OF MC68701 OPERATING MODES 
OPERATING MODES Common to all Modes: 


Reserved Register Area 

The MCU provides eight different operating modes which Port 1 
are selectable by hardware programming and referred to as Port 2 
Mode 0 through Mode 7. The operating mode controls the Programmable Timer 
memory map, configuration of Port 3, Port 4, SC1, SC2, and Serial Communications Interface 
the physical location of interrupt vectors. Single Chip Mode 7 

128 bytes of RAM; 2048 bytes of EPROM 

FUNDAMENTAL MODES ; Port 3 is.a parallel 1/O port with two control lines 

The eight MCU modes can be grouped into three fun- Port 4 is a parallel 1/O port 
damental modes which refer to the type of bus it supports: SC1 is Input Strobe 3 (IS3) 
Single Chip, Expanded Non-Multiplexed, and Expanded SC2 is Output Strobe 3 (0S3) 


Multiplexed. Modes 4 and 7 are single chip modes. Mode 5 is 
the expanded non-multiplexed mode, and the remaining 
modes are expanded multiplexed modes. Table 2 sum- 
marizes the characteristics of the operating modes. - 


Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of EPROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 


: Chi Port 4.is an input port/address bus 
Single Chip Modes (4, 7) SC1 is Input/Output Select (10S) 
In the Single-Chip Mode, the four MCU ports are con- SC2 is Read/Write (R/W) ° 


figured as parailel input/output data ports, as shown in 
Figure 9. The MCU functions as a monolithic microcom- 
puter in these two modes without external address or data 
buses. A maximum of 29 1/O lines and two Port 3 control 
lines are provided. Peripherals or another MCU can be inter- 
faced to Port 3 in a loosely coupled dual processor configura- 
tion, as shown in Figure 10. 

In Single-Chip Test Mode (4), the RAM responds to . 
$XX80 through $XXFF and the EPROM is removed from the . 
internal address map. A test program must first be loaded in- 
to the RAM using modes 0, 1, 2, or 6. If the MCU is reset 
and then programmed into Mode 4, execution will begin at 


Expanded Multiplexed Modes. 1,2, 3, 6 
Four memory space options (64K address space): 
(1) No internal RAM or EPROM (Mode 3) 
(2) Internal RAM, no EPROM (Mode 2) 
(3) Internal RAM and EPROM (Mode 1) 
(4) Internal RAM, EPROM with partial address bus 
(Mode 6) 
Port 3 is a multiplexed address/data bus 
Port.4 is an address bus (inputs/address in Mode 6) 
SC1 is Address Strobe (AS) 
SC2 is Read/Write (R/W) 


$XXFE:XXFF. Mode 5 can be irreversibly entered from Mode Test Mode 4 : ; 

4 without asserting RESET by setting bit 5 of the Port 2 Data “ (1) May be changed to Mode 5 without going through 
Register. This mode is used primarily to test Ports 3 and 4 in Reset 

the Single-Chip and Non-Multiplexed Modes. (2) May be used to test Ports 3 and 4 as I/O ports 


Expanded Multiplexed Mode 0 
(1) Internal RAM and EPROM 
(2) External interrupt vectors located at $BFFO-SBFFF 
(3) Used. to program EPROM 
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RESET. RESET 
RESET MC68701/ : MC68701/ RESET MC68701/ 
MC6801 es MC6801 : _ M6801 
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Port 1 Port 3 81/0 8.1/0 
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FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION 
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Expanded Non-Multiplexed Mode (5) 


A modest amount of external memory spce is provided in 
the Expanded Non-Multiplexed Mode while significat on-chip 
resources are retained. Port 3 functions as an 8-bit bidirectional 
data bus and Port 4 is configured initially as an input data port. 
Any combination of the eight least-significant' address lines 
may be obtained by writing to the Port 4 Data Direction Reg- 
ister. Stated alternatively,.any combination of AO to A7 may 
be provided while-retaining: the remainder as input data lines. 
Internal pullup resistors are intended to pull the Port 4 lines 
high until the port is configured. : 

Figure 11. illustrates a typical system configuration in the 
Expanded Non-Multiplexed Mode. The MCU interfaces directy 
with M6800 Family parts and can access 256 bytes of external 
address space at $100 through $1FF: 1OS provides an address 


decode of external memory ($100-$1FF) and can be used as a- 


memory page select or chip select line. 


Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 


In the Expanded-Multiplexed Modes, the MCU has the ability 
to access a 64K bytes memory space. Port 3 functions as a 
time multiplexed address/data bus with address valid on the 
negative edge of Address Strobe (AS), and data valid while E 
is high. In Modes 0 to 3, Port 4 provides address lines A8 to 
A15..In Mode 6, however, Port 4 is initially configured at RESET 
as an input data port. The Port 4 Data Direction Register can 





then be changed to provide any combination of address lines; . 


A8 to A15. Stated alternatively, any subset of A8 to A15 can 


be provided while retaining the remaining Port 4 lines as input 
data lines. Internal pullup resistors pull the Port 4 lines high. 


until software configures the port. ; 

Figure 12 depicts a typical configuration for the Expanded- 
Multiplexed Modes. Address Strobe can. be used to control a 
transparent D-type latch to capture addresses AO to A7, as 
shown in Figure 13:-This allows Port 3 to function as a Data 
Bus when E is high. . 


In Mode 0, the internal and external data buses are con- 
nected; there must therefore be. no memory map overlap in 
order to avoid potential bus conflicts. Mode 0 is used to pro- 
gram the onboard: EPROM. All ‘interrupt vectors are external 
in this mode and are located at $BFFO-$BFFF. 


PROGRAMMING THE MODE 


The operating mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into ° 
PC2, PC1, and PCO of the program control register on the po- 
sitive edge of RESET. The operating mode may be read from 
the Port 2 Data Register as shown below, and programming 
levels and timing must be met as shown in.Figure 14. A brief 
outline of the operating modes is shown in Table 3. 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 
acres ox [rr [ra [rare] oe 


Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuits shown in Figure 15 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. Note that if diodes are 

_used to program the mode, the diode forward voltage drop 
must not exceed the ViqPpp minimum. 





MEMORY MAPS 


The MCU can provide up to’ 64K byte address space de- 
pending on the operating mode. A memory map for each op- 
erating mode is shown in Figure 16. The first 32 locations of 
each map are reserved for the MCU internal registers as shown 
in Table 4, with exceptions as indicated. 


TABLE 3 — MODE SELECTION SUMMARY 














Interrupt Bus Operating 
Vectors Mode Mode 


Pe Lux Multiplexed/RAM 


pt ux’. 6) 
f+ fe «SY smux'4)- | Multipiexed/RAM and EPROM . 





mux®.6 
mux'4) Multiplexéd/No RAM or EPROM 


mux(4) Multiplexed/ Programming 


is addressed at $XX80_ 


Legend: . Notes: - ; 
1 — Internal (1) Internal RAM 
E — External | (2) Internal EPROM is disabled 


MUX — Multiplexed : 
NMUX — Non-Multiplexed 
L — Logic “0”: 

H — Logic “1°”: 


1, 2, and:3 


(3) Interrupt vectors located at $BFFO-SBFFF 
(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 


(5) Addresses associated with Port 3 are considered external in Modes 5 and 6 


(6) Port 4 default is user data input; address output is optional by writing to Port 4 
“Data Direction Register 
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FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION 
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Vcc Standby 
RESET 








MC68701 


Be Port 3 
Pree 8 Lines 
Lines y Multiplexed Data/ Address 
Port 2 
5 1/0 Lines pikes 
Serial i/O Address Bus 
16-Bit Timer 


Vec 


Data Bus 
(DO-D7) 


Address Bus 
(AQ-A15) 


MC68701 1 
1 RAW 


Vcc Standby — 








E 


Port 1 
81/0 


Port 2 
51/0 
Sci 
Timer 


NOTE: To avoid data bus (Port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 


FIGURE 13 — TYPICAL LATCH ARRANGEMENT 


GND 
AS 
G oc 
Q4 
Port 3 SN74LS373 Addieae-Rek> 
Address/Data (Typical) 





Data: Do-D7 
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FIGURE 14 — MODE PROGRAMMING TIMING 


See Figure 16 
for Diode Arrangement. 






VMPDD 





oom 
: V 
(P20, P21, P22) aks 
Mode Latch 
Mode Inputs Level 
(P20, P21, P22) RESET 


MODE PROGRAMMING (Refer to Figure 14) 


Characteristic | Symbol | Min | Typ | Max | Unit | 
Mode Programming Input Voltage Low for Ta =0 to 70°C ae | vmer | — | — | 18 [| vi | 
Mode Programming Input Voltage High | vmpH_ {| 40 | — | — | vi | 
Mode Programming Diode Differential for Ta =0 to 70°C !'vuppp | 06 | — | — | vi | 
RESET Low Pulse Width | PWrsti| 3.0 | — | — | ECycles | 


Mode Programming Set-Up Time | tps | 20 | — | — | ECycles | 


Mode Programming Hold Time 
RESET Rise Time>1 us’ . | tMPH 0 
RESET Rise Time<1 ys 100 


Note: For Ta= — 40 to 85°C, Maximum Viyp_ = 1.7, and Minimum Viyppp = 0.4. 











FIGURE 15 — TYPICAL MODE PROGRAMMING CIRCUIT 





- Vee 












P20 
P21 
P22 


P20 (PCO) 
P21 (PC1) 
P22 (PC2) 


MC68701 


“Normal” 


$1 


Vpp o———_o—_~ C 
; “Program” f ; 
Notes: | 

1. Mode 0 as shown (switches closed). ; — 

2. R1=10k ohms (typical). 

3. The RESET time constant is equal to RC where R is the equivalent parallel resistance of R2 and the number of resistors (R1) 
placed in the circuit by closed mode control switches. 

4. D=1N914, 1N4001 in. the 0 to 70°C range 
D=1N270, MBD201 in the — 40 to 85°C range 

5. If V=Vecc, the R2=50 ohms (typical) to meet Vi} for the RESET/Vpp pin. V=Vcc is also compatible with MC6801. The RESET 
time constant in this case is approximately R2*C. 

6. Switch $1 allows selection of normal (RESET) or programming (Vpp) as the input to the RESET/Vpp pin. During switching, 
the input level is held at a value determined by a diode (D), resistor (R2) and input voltage (V). 

7. While $1 is in the “Program” position, RESET should not be asserted. 

8. From powerup, RESET must be held iow for at least trc. The capacitor, C, is shown for conceptual purposes only and is on 
the order of 1000 uF for the circuit shown. Typically, a buffer with an RC input will be used to drive RESET, eliminating the 
need for the larger capacitor. 

9. Diode Vf should not exceed Viyppp min. 
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MC68701 
Mode 
Multiplexed Test mode 


ce Wf» internal Registers 


External Memory Space 
$0080 


Internal RAM 


External Memory Space 


External Interrupt Vectors 


External Memory Space 


Internal EPROM 


Notes: 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and SOF. 

2) There must be no overlapping of internal and 
external memory spaces to avoid driving the 
data bus with more than one device. 


This mode is used to program the onboard 
EPROM. 


FIGURE 16 — MC68701 MEMORY MAPS 


MC68701 
Mode 
Multiplexed/RAM & EPROM 


psi WY internal Registers 
aes 


External Memory Space 


$0080 7 | 
7 


External Memory Space 


Internal EPROM 


External Interrupt Vectors 


Notes: 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
SOF. : 

2) Internal EPROM addresses $FFFO to $FFFF are 
not usable. 





MC68701 
Mode 


Multiplexed/RAM 


Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 





as External Interrupt Vectors 


Notes: 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
SOF. 
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+ MC68701 
* Mode 


Multiplexed/No RAM or EPROM 


ses Www Internal Registers 


External Memory Space 


SFFFO 
Ps ee PD External Interrupt Vectors 
SFFFF 


Notes: 
1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07 and SOF. 
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FIGURE 16 — MC68701 MEMORY MAPS (CONTINUED) 


MC68701 
Mode 


Single Chip Test 
‘$0000 
$001F 


Internal Registers!) 


Unusable!t)(4) 


$Xx80 internal RAM 
$XXFF Internal Interrupt Vectors. 


Notes: 

1) The internal EPROM is disabled. 

2) Mode 4 may be changed to Mode 5 without hav- 
ing to assert RESET by writing a "1" into the 
PCO bit of Port 2 Data Register. 


Addresses A8 to A15 are treated as “don't 
cares” to decode internal RAM. 


Internal RAM will appear at $XX80 to $XXFF. 


MCU read of the Port 3 Data Direction Register 
will access the Port 3 Data Register. 





MC68701 
Mode 
Non-Multiplexed/Partial Decode 


$0000!) 
Internal Registers 
$001F 


Unusable 
$0080 


Internal RAM 


External Memory Space 


Unusable 


Internal EPROM 


Internal Interrupt Vectors 
SFFFF e 


Notes: 


1) Excludes the following addresses which may NOT 
be used externally: $04, $06, and $OF (No IOS). 

2) This mode may be entered without going 
through RESET by using Mode 4 and subse- 
quently writing a ‘1’ into the PCO bit of Port 2 
Data Register. 


Address lines AO to A7 will not contain addresses 
until the Data Direction Register for Port 4 has 
been written with “1's” in the appropriate bits. 
These address lines will assert ‘’1’s’’ until made 


outputs by writing the Data Direction Register. 
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FIGURE 16 — MC68701 MEMORY MAPS (CONCLUDED) 


MC68701 MC68701 
Mode . : | Mode 


Multi lexed/Partial Decode Single Chip 


(4) voor COU 
$0000 V7; Internal Registers Internal Beopietst 


_ $001F 


$001 CU 


External Memory Space Unusable 
$0080 


$0080 ae 
Uy Internal RAM nee Internat RAM 


_ SOOFF 


External Memory Space Unusable 





Internal EPROM Internal EPROM 


Internal Interrupt Vectors Internal Interrupt Vectors 


. Note: : ; 
Notes: 1) MCU read of the Port 3 Data Direction Register 
1) Excludes the following addresses which may be will access the Port 3 Data Register. 

used exterrially: $04, $06, SOF. 

2) Address tines A8-A15 will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with ‘‘1's” in the 
appropriate bits. These address lines will 
assert ‘1's until made outputs by writing the 
Data Direction Register. 





TABLE 4 — INTERNAL REGISTER AREA 


Port 1. Data Direction Register* * * Output Compare Register (Low Byte) 
Port 2 Data Direction Register* * * Input: Capture Register (High Byte) 
Port 1 Data Register Input Capture Register (Low Byte) 
Port 2 Data Register Port 3 Control and Status Register 












Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 

Transmit Data Register 


Port 3 Data Direction Register* * * 
Port 4 Data. Direction Register* *.* 
{Port 3 Data Register 
Port 4 Data Register 








Timer Control and Status Register 
Counter (High Byte) ; 

Counter (Low Byte) ~ 

Output Compare Register (High Byte) 


RAM/EPROM Control Register 
Reserved 







* External addresses in Modes 0, 1, 2, 3, 5, 6; cannot be accessed in Mode 5 (No IOS) 
** External addresses in'Modes 0, 1, 2, 3 
‘***1= output, O= Input 
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MC68701 INTERRUPTS 


The MCU supports two types of interrupt requests: 
maskable and non-maskable. A Non-Maskable Interrupt 
(NMI) is always recognized and acted upon at the comple- 
tion of the current instruction. Maskable interrupts are con- 
trolled by the Condition Code Register’s I-bit and by in- 
dividual enable bits. The !-bit controls all maskable inter- 
rupts. Of the maskable interrupts, there are two types: IRQ1 
and IRQ2. The Programmable Timer and Serial Communica- 
tions Interface use an internal TRO2 interrupt line. External 
devices (and [S3) use [RO1. An IRQ1 interrupt is serviced 
before IRO2 if both are pending. 

All (ROQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca- 
tion. All MCU interrupt vector locations are shown in Table 
5. 


TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 


| mss | isp | MsB | LsB | 
BFFC Fro | NMC 
BFFA FFFB 


*{RQ2 Interrupt 



























The Interrupt flowchart is depicted in Figure 17 and is 
common to every MCU interrupt excluding reset. During in- 
terrupt servicing the Program Counter, Index Register, A Ac- 
cumulator, B Accumulator, and Condition Code Register are 
pushed to the stack. The I-bit is set to inhibit maskable inter- 
rupts and a vector.is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
Program Counter and instruction execution is resumed. In- 
terrupt and RESET timing are illustrated in Figures 18 and 19. 


FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 

Vcc and Vss provide power to a large portion of the 
MCU. The power supply should provide +5 voits (+ 5%) to 
Vcc, and Vss should be tied to ground. Total power 
dissipation (including Vcc Stangby) will not exceed Pp 
milliwatts. 


Vcc STANDBY 


Vcc Standby provides power to the standby portion ($80 


through $BF) of the RAM and the STBY PWR and RAME 
bits of the RAM Control Register. Voltage requirements de- 
pend on whether the MCU is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+5 volts (+5%) and must reach Vsp volts before RESET 
reaches 4.0 volts. During powerdown, Vcc Standby must 
remain above VspB (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed Isgp. 





It is typical to power both Vcc and Vcc Standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc during 
powerdown operation. Vcc Standby should be tied to 
ground in Mode 3. 


XTAL1 AND EXTAL2 - 


These two input pins interface either a crystal or TTL com- 
patible clock to the MCU internal clock generator. Divide-by- 
four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF 
capacitor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, EXTAL2 
may be driven by an external TTL compatible clock at 4fo 
with a duty cycle of 50%: (+ 5%) with XTAL1 connected to 
ground. 

The internal oscillator is dadoned to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fxTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.** The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 


RESET/Vpp 


This input is used to reset the MCU internal state and pro- 
vide an orderly startup procedure. During powerup, RESET 
must be held below 0.4 volts: (1) at least tac after Vcc 
reaches 4.75 volts in order to provide sufficient time for the 
clock generator to stabilize, and (2) until Vcc Standby 
reaches Vsg volts. RESET must be held jow at least three 
E-cycles if asserted during powerup operation. 

This pin is also used to supply Vpp in Mode 0 for program- 
ming the EPROM, and supplies operating power to the 
EPROM during powerup operation. 


E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the MCU input clock frequency. It will drive 
one Schottky TTL load and 90 pF, and all data given in cycles 
is referenced to this clock unless otherwise noted. 


NMi (NON-MASKABLE INTERRUPT) 


An NMI negative edge requests an MCU interrupt se- 
quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from $FFFC and 
$FFFD (or $BFFC and $BFFD in Mode 0), transferred to_the 
Program Counter.and instruction execution is resumed. NMI 
typically requires a 3.3 kQ.(nominal) resistor to. Vcc. There is 


~ no internal NMI pullup resistor. NMi must.be held low for at 


least one E-cycle to be recognized under all conditions. 


IRQ1 (MASKABLE INTERRUPT REQUEST 1)” 

IRQ1 is a level-sensitive input which .can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request: If the inter- 


* * Devices made with masks subsequent to.T7A and CB4 incorpor- 
ate an advanced clock with improved startup characteritics. 
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FIGURE 17 — INTERRUPT FLOWCHART 


Stack Machine State 

















: PC; X, A, B, CC 
| | ‘ | - Com > Ny wat - 
| Y 
eal 
Modes 1-7_| RESET | FFFE-FFFF 
RESET | BFFE-BFFF J’ 
* + * : N . i 
| | | | | | 
Y 


: | > ITMP SCl= TIE*TORE + RIE*(RORF + ORFE) 
Condition Code Register 11>! 


Vector->PC 
| TModeo [Modes 1-7] 
| NMI | BFFC-BFFD | FFFC-FFFD [Non-Maskable Interrupt___| 
BFFA-BFFB | FFFA-FFFB |Software Interrupt 


l 
be : IRQ1 | BFF8-BFF9 | FFF8-FFF9 |Maskable Interrupt Request 1 
BFF6-BFF7 | FFF6-FFF7 |Input Capture Interrupt 
BFF4-BFF5 | FFF4-FFF5 [Output Compare Interrupt 


TOF BFF2-BFF3 | FFF2-FFF3 |Timer Overflow Interrupt 


BFFO-BFF1 | FFFO-FFF1 [SCI Interrupt 








eu) 
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FIGURE 18 — INTERRUPT SEQUENCE 
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SPin) SP(n-1) SP(n-2). SP(n-3) SP(n-4) SP(n-5) SP(n-6) SP(n-7) ' Vector Vector . New PC 


Addr Addr - MSB Addr LSB Addr Address 
iRQ1 
NMI or IRQ2 
—>| }«<—tPCs 
internal 
Date-Es Op Cc PCO. PC8-1 X0O-7 X8-15- ACCA ACCB CCR Irrel t Vector Vector First Inst. of 
i 2 - 2 rrelevan : 
peCens eee eeee tei eee 2 < Data MSB - LSB Interrupt Routine 


Internal RAW 
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rupt mask bit (I-bit) in the Condition Code. Register is clear, 
the MCU will begin an interrupt sequence. A vector is fetch- 
ed from $FFF8 and $FFF9 (or $BFF8 and $BFF9 in Mode 0), 
transferred to the Program Counter, and instruction execu- 
tion is resumed. 

{RQ1 typically requires an external 3.3 kQ (nominal) 
resistor to VCC for wire-OR applications. IRQ1 has no inter- 
nal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. ° 


SC1 and SC2 In Single Chip Mode 


In Single Chip Mode, SC1 and SC2 are configured as an 
input and output, respectively, and both function as Port 3 
control lines. SC1 functions as 1S3 and can be used to in- 
dicate that Port 3 input data is ready or output data has been 
accepted. Three options associated with IS3 are controlled 
by the Port 3 Control and Status Register and are discussed 
in the Port 3 description. If unused, IS3 can remain uncon- 
nected. Ane! 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by Out- 
put Strobe Select (OSS) in the Port 3 Control and Status 
Register. The strobe is generated by a read (OSS=0) or 
write (OSS =1) to the Port 3 Data Register. OS3 timing is 
shown in Figure 5. 


FIGURE 20 — MC68701 OSCILLATOR CHARACTERISTICS . 
(a) Nominal Recommended Crystal Parameters 
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CL = 20 pF (typical) 


NOTE 
TTL-compatible oscillators may be 
obtained from: 


Motorola Component Products 


Attn: Data Clock Sales 
2553 N. Edginton St. 
Franklin Park, iL 60131 

Tel: 312-451-1000 





Telex: 433-0067 





MC68701 Nomina! Crystal Parameters 


4.6 pF 
0.01-0.02 pF | 0.01-0.02 pF 
>20k >20 k 


*Note: These are representative AT-cut crystal parameters only. Crystals of other types of 
cuts may also be used. 


24: 
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(b) Oscillator Stabilization Time (tac) 
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SC1 And SC2 In Expanded Non-Multiplexed Mode | 

In the Expanded Non-Multiplexed Mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as Input/Out- 
put Select (IOS) and is asserted only when $0100 through 
_ $01FF is sensed on the internal address bus. ; 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


SC1 And SC2 In Expanded Multiplexed Mode 


In the Expanded Multiplexed Modes, both SC1 and SC2 
are configured as outputs. SC1 functions as Address Strobe 
and can be used to demultiplex the eight least significant ad- 


dresses and the data bus. A latch controlled by Address. 


Strobe captures address on the negative edge, as shown in 
Figure 15. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode independent 8-bit I/O port with each line 
an input or output as defined by the Port 1 Data Direction 
Register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran- 
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 





P20-P24 (PORT 2) 


Port 2 is a mode-independent, 5-bit, multipurpose 1/0 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The Port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the Port 2 Data Direc- 
tion Register. The Port 2 Data Register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it will be tied to the timer Output Compare function and 
cannot be used to provide output from the Port 2 Data 
Register. 

Port 2 can also be used to provide an interface for the 
Serial Communications Interface and the timer Input Edge 
function. These configurations are described in the ap- 
propriate SCI and Timer sections of this publication. 

The Port 2 high-impedance, TTL compatible output buf- 
fers are capable of driving one Schottky TTL load and 30 pF 
or CMOS devices using external pullup resistors. 


PORT 2 DATA REGISTER 


P30-P37 (PORT 3) 

Port 3 can be configured as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


Port 3 In Single-Chip Mode 

Port 3 is an 8-bit 1/0 port in the Single-Chip Mode, with. 
each Jine configured by the Port 3 Data Direction Register. 
There are also two lines, IS3 and OS3, which can be used to 
control Port 3 data transfers. 

Three. Port 3 options are controlled by the Port 3 Control 
and Status Register and are available only in. Single-Chip 
Mode: (1) Port 3 input data can be latched using IS3 as a 
control signal, (2) OS3 can be generated by either an MPU 
read or write to the Port 3 Data Register, and (3) an [RQ in- 
terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing is shown in Figure 4. 


PORT 3 CONTROL AND STATUS REGISTER 





Bit 0-2 Not used. 

Bit3 LATCH ENABLE. This bit controls the 
input latch for Port 3. !f set, input data 
is latched.by an IS3-negative edge. The 
latch is transparent after a read of Port 
3 Data Register. LATCH ENABLE is 
cleared during reset. 


Bit 4 OSS (Output Strobe Select). This bit 
determines whether OS3 will be 
generated by a read or write of the Port 
3 Data Register. When clear, the 
strobe is generated by a read; when 
set, it is generated by a write. OSS is 
cleared during reset. 

Bit 5 Not used. 


Bit 6 IS3 IRO1 ENABLE. When set, an IRO1 
interrupt will be enabled whenever IS3 
FLAG is-set; when.clear, the interrupt 
is inhibited. This bit is cleared during 
reset. 

Bit 7 1S3 FLAG. This read-only status bit is 
set by an IS3 negative edge. It is 
cleared by a read of the Port 3 Control 
and Status Register (with |IS3 FLAG 
set) followed by a read or write to the 
Port 3 Data Register or during reset. 


Port 3 In Expanded Non-Multiplexed Mode 

Port 3 is configured as a bidirectional data bus (D7-D0) in 
the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlled by Read/Write (SC2). Data is clocked 
by E (Enable). 


Port 3 In Expanded Multiplexed Mode 

Port 3 is configured as a time multiplexed address (A0-A7) 
and data bus (D7-D0) in the Expanded Multiplexed Modes 
where Address Strobe (AS) can be used to demultiplex the 
two buses. Port 3 is held in a high impedance state between 


: valid address and data to prevent potentional bus conflicts. 
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P40-P47 (PORT 4) 


Port 4 is configured as an 8-bit I/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive-one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


Port 4 In Single Chip Mode 

In Single Chip Mode, Port 4 functions as an 8-bit |/O port 
with each line configured by the Port 4 Data Direction 
Register. Internal pullup resistors allow the port to directly in- 
terface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 


Port 4 In Expanded Non-Multiplexed Mode 

Port 4 is configured during reset as an 8-bit input port, 
where the Port 4 Data Direction Register can be written to 
provide any or all of eight address lines AO to A7. Internal 
puliup resistors pull the lines high until the Port 4 Data Direc- 
tion Register is configured. 


Port 4 In Expanded Multiplexed Mode 

In all Expanded Multiplexed modes except. Mode 6, Port 4 
functions as half of the address bus and provides A8 to A15. 
In Mode 6, the port is configured during reset as an 8-bit 
parallel input port, where the Port 4 Data Direction Register 
can be written to provide any or all of upper address lines A8 
to A15. Internal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is eontigured: where bit 0 con- 
trols A8. 


RESIDENT MEMORY 
The MC68701 has 128 bytes of onboard RAM and 2048 
bytes of onboard UV erasable EPROM. This memory is con- 
trolled by four bits in the RAM/EPROM Control Register. 
One half of the RAM is powered through the Vcc standby 
pin and is maintainable during Vcc powerdown. This stand- 


by portion of the RAM consists of 64 bytes located from $80: 


through $BF. 

Power must be supplied to Vcc standby: if the internal 
RAM is to be used, regardless of whether standby power 
operation is anticipated. In Mode 3, Vcc standby should be 
tied to ground. 

The RAM is controlled | by the RAM/EPROM: Control 
Register. 


RAM/EPROM CONTROL REGISTER ($14) 


The RAM/EPROM Control Register includes four bits: 
STBY PWR, RAME, PPC, and PLC. Two of these bits, 
STBY PWR and RAME, are used to control: RAM access and 
determine the adequacy. of the standby power source during 
power-down operation. It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down procure: 
RAME and STBY PWR are Read/Write bits. 

The remaining two bits, PLC and PPC, control the opera- 
tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in Mode 0. The PLC bit can be writ- 
ten without restriction in Mode.0, but operation of the PPC 
bit is controlled by the state of PLC. 

Associated with the EPROM are an 8-bit data latch anda 
16-bit address latch. The data latch is enabled at all times, 
latching each data byte written to the EPROM. The address 
latch is controlled by the PLC bit. 

A description of the RAM/EPROM Control Register 
follows. 


MC68701 RAM/ EPROM CONTROL REGISTER . 


Tr $14 
pi EN eg TCC 


Bit 0 PLC. Programming Latch Control. 

_ This bit controls (a) a latch which cap- 
tures the EPROM address to be pro- 
grammed and (b) whether the PPC bit 
can be cleared. The latch is triggered 
by an MPU write to a location in the 
EPROM. This bit is set during reset 
and can be cleared only in Mode 0. The 
PLC bit is defined as follows: 


PLC=0 EPROM address latch 
_ enabled; EPROM address is latched 
during MPU writes to the EPROM. 


PLC=1 EPROM. address latch. is 
transparent. 


PPC. Programming Power Control. 

- This bit gates power from the 
RESET/Vpp pin to the EPROM pro-’ 
gramming circuit. PPC is set during 
reset and whenever the PLC bit is set. 
It can be cleared only if (a) operating in 
Mode 0, and (b) if PLC has been 
previously cleared. The PPC bit is 
defined as follows: 


PPC=0 EPROM programming 
power (Vpp) applied. 

PPC=1 EPROM programming 
power (Vpp) is not applied. 
Unused. 


RAM Enable. This Read/Write bit can 
be used to remove the entire RAM 
from the internal memory map. RAME 
is.set (enabled). during reset provided 
standby power is: available on the 
positive edge of reset. If RAME is 
clear, any access to a RAM address is 
external. If RAME is set and not in 
Mode 3, the RAM is included in the in- 
ternal map. 

Standby Power. This bit is a read/ 
write status bit which, when once set, 
remains set as long as Vcc standby re- 
mains above Vspp (minimum). As 
long.as this bit is set following a period 
of standby operation, the standby 
power supply has adequately preserv- 
ed the data in the standby RAM. If this 
bit is cleared during a period of stand- 
by operation, it indicates that Vcc 
standby had fallen to a level suffi- 
ciently below VsppBp (minimum) to 
suspect that.data in the standby RAM 
is not valid. This bit can be set only by 
software and is. not ailected: during 
reset. 


Bit 1 


Bit 2-5 
Bit 6 RAME 


Bit 7 STBY PWR 


Note that if PPC and PLC are set, they cannot be 
simultaneously cleared with a single MPU write.. The PLC bit 
must be cleared prior to attempting to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
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it is assumed that Vpp is applied to the RESET/Vpp pin 
whenever PPC is clear. If this is not the case, the result is 
undefined. 


ERASING THE MC68701 EPROM 


Ultraviolet erasure will clear all bits of the EPROM to the 
“O" state. Note that this erased state differs from that of 
some other widely used EPROMs (such as the MCM68708) 
where the erased state is a ‘1°. The MC68701 EPROM is 
programmed by erasing it to ‘0's’ and entering ‘’1’s’’ into 
the desired bit'locations. aa 

The MC68701 EPROM can be erased by exposure to high 
intensity ultraviolet light with a wave length of 2537A for a 
minimum of 30 minutes. The recommended integrated dose 
(UV intensity X exposure time) is 15 Ws/cm. The lamps 
should be used without shortwave filters and the MC68701 
should be positioned about one inch away from the UV 
tubes. 

The MC68701 transparent lid should always be covered 
after erasing. This protects both the EPROM and light- 
sensitive nodes from accidental exposure to ultraviolet light. 


PROGRAMMING THE MC68701 EPROM 


When the MC68701 is released from Reset in Mode 0, a 
vector is fetched from location $BFFE:BFFF. This provides a 
method for an external program to obtain control of the 
microcomputer with access to every location in the EPROM. 

To program the EPROM, it is necessary to operate the 
MC68701 in Mode 0 under the control of a program resident 
in external memory which can facilitate loading and pro- 
gramming of the EPROM. After the pattern has been loaded 
into external memory, the EPROM can be programmed as 
follows: 

a. Apply programming power (Vpp) to the RESET/Vpp 

pin. 
b. Clear the PLC control bit and set the PPC bit by 
' writing $FE to the RAM/EPROM Control Register. 

c. Write data to the next EPROM location to be pro- 
grammed. Triggered by an MPU write to the 
EPROM, ‘internal latches capture both the EPROM 
address and the data byte. 

Clear the PPC bit for programming time, tpp, by 
writing $FC to the RAM/EPROM Control Register 
and waiting for time, top. This step gates the pro- 
gramming power (Vpp) from the RESET/Vpp pin to 
the EPROM which programs the location. 

e. Repeat steps b through d for each byte to be pro- 
grammed. 

f. Set the PLC and PPC bits by writing $FF to the 

RAM/EPROM control register. 
g. Remove the programming power (Vpp) from the 


RESET/Vpp pin. The EPROM can now be read and 
verified. 





Because of the erased state of an EPROM byte is $00, it is 
not necessary to program a location which is to contain $00. 
Finally, it should be. noted that the result of inadvertently 
programming a location more than.once is the logical OR of 
the data patterns. 


PRObug is a trademark of Motorola Inc. 


A routine which can be used to program the MC68701 
EPROM is provided at the end of this publication. This non- 
reentrant routine requires four double byte variables named. 
IMBEQ, IMEND, PNTR, and WAIT to be initialized prior to 
entry to the routine. These variables indicate (a) the first and 
last memory locations which bound the data to be program- 
med into the EPROM, (b) the first EPROM location to be pro- 
grammed, and (c) a number which is. used to. generate 
the programming time delay. The last variable, WAIT, takes 
into account the MCU input crystal (or TTL-compatible 
clock) frequency to insure the programming time, tpp, is 
met. WAIT is defined as the number of MPU E-cycles that 
will occur in the real-time EPROM programming interval, 
tpp- For example, if top =50 milliseconds and the MC68701 
is being driven with a 4.00 MHz TTL-compatible clock: 
WAIT (MPU E-cycles) = .tpp*(MCU INPUT. FREQ/)4« 106 
50000(4+ 106)/4» 108 
= 50000 


NOTE 
A monitor program called PRObug _ is available from 
Motorola Microsystems. PRObug contains a user option for 
programming the on-board MC68701 EPROM. 


PROGRAMMABLE TIMER 


The. Programmable Timer can be used to perform input 
waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several 
microseconds to many.seconds. A block diagram of the 
Timer is shown in Figure 21. 


COUNTER ($09: 0A) 

The. key: timer element is a 16-bit free-running counter 
which is incremented by E (Enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
($09) will preset it to $FFF8. This feature, intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all 1’s. 





OUTPUT COMPARE REGISTER ($0B:0C) 


The Output Compare Register is a 16-bit Read/Write 
register used to control an output waveform or provide an ar- 
bitrary timeout flag. It is compared with the free-running 
counter on each E-cycle. When a match occurs, OCF is set 
and OLVL is clocked to an output level register. \f Port 2, bit 
1,.is: configured as an output, OLVL will appear: at P21 and 
the Output Compare Register and OLVL can then be 
changed for the next compare. The function is inhibited for 
one cycle after a write to the high byte of the Compare 
Register ($0B) to ensure a valid compare. The Output Com- 
pare Register is set to $FFFF during reset. 


INPUT CAPTURE REGISTER ($0D:0E) 

The Input Capture Register is a 16-bit read-only register 
used to store the free-running counter when a “‘proper’’ in- 
put transition occurs as defined by IEDG. Port 2, bit O should 
be configured as an input, but the edge detect circuit always 
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FIGURE 21 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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Bit 1 Bit 0 
Port 2°. Port 2 
senses P20 even when configured as an output. An input Bit O OLVL Output level: OLVL. is clocked to the 
capture can occur independently of ICF: the register. always Output. level register by a successful 
contains the most current value. Counter transfer. is in- output compare and will appear at P21 
hibited, however, between accesses of a double byte MPU if. Bit 1. of. the Port 2.Data Direction 
read. The input pulse width. must be at least two E-cycles to a OH . Register is set. It is cleared during 
ensure an input capture under all conditions. reset. 
Bit 1 EIDG Input Edge. IEDG is cleared during 
TIMER CONTROL AND STATUS REGISTER ($08) reset and controls which level transi- 
The Timer Control and Status Register (TCSR) is an 8-bit tion will trigger .a counter transfer to 
register of which all bits are readable while bits 0-4.can be : the Input Capture Register: iA 
written. The three most significant bits provide the timer 3 |EDG =0 Transfer on a negative-edge 


Status and indicate if: IEDG=1 Transfer on a positive-edge. 


© a proper level transition has been detected, Bit 2 ETO! Enable Timer_ Overflow Interrupt. 

@ a match has occurred between the free-running When Set, an IRQ2 interrupt is enabled 

counter and the output. compare register, and for a timer overflow; when clear, the 

@ the free-running. counter has overflowed. interrupt is inhibited. It is cleared dur- 

ing reset. 

Each of the three events can generate an IRQ2 interrupt Bit 3 EOCI Enable Output_ Compare Interrupt. 

and is controlled by an individual enable bit in the TCSR. When set, an IRQ2 interrupt is enabled 

: for an output compare; when clear, 

TIMER CONTROL AND STATUS REGISTER (TCSR) pyeaulees is inhibited. It is cleared 
during reset 


Bit 4 EICI ; Enable Input Capture Interrupt. When 


7 6 5 4 3. 2 1 0 
: set, an [RQ2 interrupt is enabled for an 
$0008 ' input capture; when clear, the inter- 
rupt is inhibited. It is cleared during 
reset. 
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Bit 5 TOF 
the counter contains all 1’s. It is 
cleared by reading the TCSR (with 
TOF set) then reading the counter high 
byte ($09), or by RESET. 

Output Compare Flag. OCF is set 
when the Output Compare Register 
matches the free-running counter. It is 
cleared by reading the TCSR (with 
OCF set) and then writing to the Out- 


Bit 6 OCF 


Timer Overflow Flag. TOF is set when — 


put Compare Register ($0B or $0C), or. 


by RESET. 

Input Capture Flag. ICF is set to in- 
dicate a proper level transition; it is 
cleared by reading the TCSR (with ICF 


Bit 7 ICF 


set) and then the Input Capture 
. Register High Byte ($0D), or by 
RESET. 


SERIAL COMMUNICATIONS INTERFACE (SCI) 


A full-duplex asynchronous Serial Communications Inter- 
face (SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space (NRZ) and Bi- 
phase and both provide one start bit, eight data bits, and one 
stop bit. ‘‘Baud’’ and ‘bit rate’ are used synonymously in 
the following description. 


WAKE-UP FEATURE 

In a typical serial loop multi-processor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPU’s to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until the data line goes 
idle. An SCI receiver is re-enabled by an idle string of 11 
consecutive '1’s or during reset. Software must provide for 
the required idle string between consecutive messages and 
prevent it within messages. 


PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 
@ format: standard mark/space (NRZ) or Bi-phase 
@ clock: external or internal bit rate clock 


@ Baud : one of 4 per E-clock frequency, or ex- 
ternal clock (X8 desired baud) 


wake-up feature: enabled or disabled 

interrupt requests: enabled individually for trans- 
mitter and receiver 

clock output: internal bit rate clock enabled or diss 
abled to P22 


SERIAL COMMUNICATIONS REGISTERS 

The Serial Communications Interface includes four ad- 
dressable registers. as depicted in Figure 22. It is controlled 
by the Rate and Mode Control Register and the 


Transmit/Receive Control and Status Register. Data is 
transmitted and received utilizing a write-only Transmit 
Register and a read-only Receive Register. The shift registers 
are not accessible to software. 


Rate‘and Mode Control Register (RMCR) ($10) 

The Rate and Mode Control Register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least significant 
bits control the bit rate of the internal clock and the remain- 


"ing two bits control the format and clock source. 


RATE AND MODE CONTROL REGISTER (RMCR) 


7 6 5 4 3 2 1 0 

Ss0] soot0 

Bit 1:Bit O SS1:SSO Speed Select. These two 
bits select the Baud rate when using 
the internal clock. Four rates may be 
selected which are a function of the 
MCU input frequency. Table 6 lists bit 
time and rates for three selected MCU 
frequencies. 


CC1:CCO Clock Control and Format 
Select. These two bits control the for- 
mat and select the serial clock source. 
If CC1 is set, the ODR value for P22 is 
forced to the complement of CCO and 
cannot be altered until CC7 is cleared. 
If CC1 is cleared after having been set, 
its DDR value is unchanged. Table 7 
defines the formats, clock source, and 
use of P22. 

If both CC1 and CCO are set, an external TTL compatible 
clock must be connected to P22 at eight times (8X) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 
NOTE: The source of SCI internal bit rate clock is the timer 

free running counter. An MPU write to the counter 
can disturb serial operations. 


Bit 3:Bit 2 


Transmit/Receive Control And Status Register 
(TRCSR) ($11) 

The Transmit/Receive Control and Status: Register con- 
trols the transmitter, receiver, wake-up feature, and two in- 
dividual interrupts and monitors the status of serial opera- 
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 


TRANSMIT/ RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) 


7 6 5 


4 3 2 1 0 
J RORFORFEITORE RIE WU | $0011 
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TABLE 6 — SCI BIT TIMES AND RATES 


Pao | 24576MHz | 4OMHz | 4.952 MHz 
= 
01. 
1 









1 4 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud 
ral (P22) Up to 76,800 Baud Up to 125,000 Baud Up to 193,600 Baud 


: Exte 





TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTROL 


CCc1:CCO Format Clock Source Port 2, Bit 2 


0 0 






























Bi-Phase Internal Not Used 
QO 1 NRZ Internal Not Used 
1° 0 NRZ Internal Output 
1°41 NRZ External Input 


FIGURE 22 — SC! REGISTERS 


Bit 7 Rate and Mode Control Register Bit fe) 


ee oe 


Transmit/Receive Control and Status Register 


Receive Data Register : 





Bit Rate 
Generator 





"(Not Addressable) 


Transmit Data Register 
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Bit 1 TE 


Bit 2 TIE 


Bit 3 RE 


Bit 4 RIE 





Bit 5 TDRE 


Bit 6 ORFE 
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“Wake-up” on Idle Line: When: set; :. © 


WU enables the wake-up function; it is 
cleared by'11 |consecutive 1's.or dur- 
ing reset: WU will not set if the line is 
idle, ee es 
Transmit Enable..When set, P24 DDR 


bit is set, cannot be changed, and will . 


remain. set if TE -is ‘subsequently 


cleared. When TE is changed from: 


clear to set, the transmitter is con- 
nected to P24 and a preamble of nine 
consecutive 1‘s is transmitted. TE is 
cleared during reset. 

Transmit Interrupt Enable. When set, 
an iRQ2 interrupt is enabled when 
TDRE is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 
Receive Enable. When set, the P23 


DDR bit is cleared, cannot be chang- ~ 


ed, and will remain clear if RE is subse- 
quently cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared 
during reset. 


Receiver Interrupt Enable. When set, . 


an IRQ2 interrupt is enabled when 
RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared 
during reset. 

Transmit Data Register Empty. TDRE 
is set when the Transmit Data Register 
is transferred to the output serial shift 
register or during reset. It is cleared by 
reading the TRCSR (with TDRE set) 
and then writing to the Transmit Data 
Register. Additionat data will. be 
transmitted only if TDRE has -been 
cleared. 
Overrun Framing Error. If set, ORFE in- 
dicates either an overrun or framing er- 


ror. An overrun is a new byte ready to ~ 


transfer to the Receiver Data Register 
with RDRF still set. A receiver framing 
error has occurred when the byte 


boundaries of the bit stream are not . 


synchronized to the bit counter. An 
overrun. can.be distinguished from a 
framing error by the state of RDRF: if 
RDRF is set, then an overrun has oc- 
curred; otherwise a framing error has 
been detected. Data is not transferred 
to the Receive Data Register in an 
overrun condition. ‘Unframed data 
causing a framed error is transferred to 
the Receive Data Register. However, 
subsequent data transfer is blocked 
until the framing error flag is cleared.* 
ORFE is cleared by reading the TRCSR 
(with ORFE set) then the Receive Data 
Register, or during reset. 
Receive Data Register Full. RDRF is 
set when the input serial shift register 
is transferred to the Receive Data 
Register. It is cleared by reading the 
TRCSR (with RDRF set), and then the 
Receive Data Register, or during reset. 


Bit 7 RDRF 


SERIAL OPERATIONS 

The SCI is initialized by writing control bytes first to the 
Rate and Mode Control Register and then to the 
Transmit/ Receive Control and Status Register. When TE is 
set, the output of the transmit serial shift register is con- 
nected to P24 and serial output is initiated by transmitting to 
9-bit preamble of 1's. 

At this point one of two situations exist: 1) if the Transmit 
Data Register is empty (TDRE= 1), a continuous string of 1’s 
will be sent indicating an idle line, or 2) if a byte has been 


written to, the Transmit-Data Register (TDRE=0), it will be 


transferred to the output serial shift register (synchronized 


-with the bit rate clock), TDRE will be set, and transmission 


will begin. 

The start bit (0), eight data bits (beginning with bit 0) and a 
stop bit (1), will be transmitted. If TDRE is still set when the 
next byte transfer should occur,:1’s will be sent unti! more 
data ‘is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a ‘’1” is sent. 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SCI data formats are il- 
lustrated in Figure 23. 


FIGURE 23 — SCI.DATA FORMATS 


Output 
_ Clock 


NRZ 
Format 


Bi-Phase 
Format 


Idle Start 
Data: 01001101 ($4D) 





Bit 
Oo 1 


1 
' 
be 
' 


Bit 


2 3 4 § 6 7 _ Stop 


* Devices made with mask numbers T7A and CB4 do not transfer unframed data to the Receive Data Register. 
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INSTRUCTION SET 


The MC68701 is upward source and object code compati- 
ble with the MC6800. Execution times of key instructions 
have been reduced and several new instructions have been 
added, including a hardware multiply. A list of new opera- 
tions added to the MC6800 instruction set is shown in 
Table 1. In addition, two new special opcodes, 4E and 5E, 
are provided for test purposes. These opcodes force the pro- 
gram counter to increment like a 16-bit counter, causing ad- 
dress lines used in the expanded modes to increment until 
the device is reset. These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the-translation of the 82 
instructions in, all valid modes. of addressing, are shown in 
Table 8. There. are 220 valid machine codes, 34 unassigned 
codes, and 2 reserved for test purposes. 


PROGRAMMING MODEL 


A programming model for the MC68701 is shown in. Figure 
9. Accumulator A can be concatenated with accumulator B 
and jointly referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the double 
accumulator will also modify accumulator A and/or. B. Other 
registers are defined as follows: 


Program Counter — The program counter is a 16-bit 
register which always points to the next instruction. 

Stack Pointer — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in ran- 
dom access memory at a location defined by the program- 
mer. 

Index Register — The Index Register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed. mode of addressing. 

Accumulators ‘The MCU contains two 8-bit ac- 
cumulators, A and B, which:are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 

Condition Code Registers — The condition code register 
indicates the results of an instruction and includes the 
Overflow (V), Carry/Borrow from MSB (C), and Half Carry 
following five condition bits: Negative (N), Zero (2), 


from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (I-bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and.B7 are read as ones. 


ADDRESSING MODES 


The MC68701 provides six addressing modes which can be 
used to reference memory. A summary of addressing modes 
for all instructions is presented in Tabies 9, 10, 11, and 12 
where execution times are provided in E cycles. Instruction 
execution times are summarized in Table 13. With an input 
frequency of 4 MHz, E cycles are equivalent to micro- 
seconds. A cycle-by-cycle description of bus activity for 
each instruction is provided in Table 14 and a description of 
selected instructions is shown in Figure 24. 

Immediate Addressing — The operand or “immediate 
byte(s)’’ is contained in the following byte(s) of the instruc- 
tion where the number of bytes. matches the size of the 
register. These are two or three byte instructions. 

Direct Addressing — The least significant byte of the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 
tions, the 256-byte area is reserved for frequently referenced 
data. 


Extended Addressing — The second and third bytes of the 
instruction contain the absolute address of the operand. 
These are three byte instrutions. 


Indexed Addressing — The unsigned offset contained in 
the second byte of the instruction is added with carry to the 
Index Register and used. to reference memory without 
changing the Index Register. These are two byte instruc- 
tions. | 

Inherent Addressing - — The operandis) are registers and 
no memory reference is required. These are single byte in- 
structions. 


Relative Addressing _ Relative addressing is used only for 
branch instructions. If the branch condition is true, the Pro- 
gram Counter is overwritten with the sum of a signed single 
byte displacement in the second. byte of the instruction ‘and 
the current Program Counter... This provides a branch. range 
of — 126 to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 
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TABLE 8 — CPU INSTRUCTION MAP 


MNEM MODE MNEM MODE OP MNEM MODE ’ oF MNEM MODE . MNEM MODE 


DES INHER CPX SUBB. DIR: 
nee INHER “ TXS oe JSR - CMPB 
36 ~PSHA . 9E. LOS D2  SBCB 
37° PSHB oF STS DIR D3 ADDD 
38 PULX AQ  SUBA -INDXD D4 ANDB 
39. RTS Al ‘CMPA™ D5. BITB © 
3A ABX A2 SBCA D6 LDAB 
38 RTI A3 SUBD 7 STAB 
3C PSHX A4 ANDA 708 €ORB 
3D MUL BITA D9 ADCB 
43& WAI |A6  LDAA DA ORAB 
3F SWI AZ STAA DB ADDB 
40 NEGA AB EORA Dc LOD 
41 . AQ = ADCA DD sTD 
42 AA ORAA . DE LOX 
43 AB ADDA DF  STXx 
44 AC CPX Je&O  suBB 
45 AD JSR El CMPB 
46 AE LDS —2  SBCB 
47 AF STS — INDXD £3 ADDD 
48 BO SUBA EXTND £4  ANDB 
49 Bl CMPA —5  BITB 
4A B2 SBCA —6 LDAB 
48 B3 SUBD £7 STAB 
B4  ANDA €8 . EORB 
BS —BITA Jeo. AodcB 
B6 LDAA ORAB 

STAA ADDB 
B8  EORA LDD 
BITA ADCA STD. 
LDAA ORAA LOX 
. : ADDA STX 
EORA CPX SUBB 
ADCA JSR CMPB 
- ORAA LDS SBCB 
“ADDA STS ADDD 
CPX SUBB ANDB 
BSR CMPB BITB 
LOS SBCB LDAB 
. ADDD STAB 
SUBA ANDB EORB 
CMPA BITB ADCB 
SBCA “DAB ORAB 
SUBD ° ADDB 
ANDA EORB LDD 
BITA ADCB STD 
LDAA ORAB LOX 
STAA ADDB STX  EXTND 
EORA LDD : 
ADCA ° # UNDEFINED OP CODE 
ORAA LDX  IMMED : 
ADDA ° 


woOanww ww 


Sess 
a 


NONNNNNNNWWNHHKH WW 
Nn 
fo) 


DAD OD 


INC 

TST 

JMP 

CLR EXTND 
SUBA iMMED 
CMPA 

SBCA 

SUBD 

ANDA 





NNN ENUNN DWH AD 


NNN WNHNN WO 


WAENNNN 
WNHWNHNN NH 


5 
on 
4 
4 
4 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
5 
5 
4 
4 
4 
6 
4: 

4 
4 
4 
4 
4 
4 
4 
6° 
6 
5 
5 
2 
2 
2 
4 
2 
2 
2 


NNNNND 
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NQAnrnhtaaAReKHRHRE AMAA AANA DR REE HRHR HAMA ALARA AWHWWWWWWWOwWwWw 


COM 

LSR 

e 

ROR 

ASR INOXD 


WNHNN ND 


SSSELBSRRESLSSRSSSSSSSSRESSLSxas ag 
w 


PW WWW WWW WWW WWW WWW WwW Ww 


PF HFN NNNNNNNNNNHNNNND 


WOWWWWWWW OW ww 





NOTES: . 
1. Addressing Modes 
INHER minherent INOXD=Indexed iMMED =immediate 
REL # Relative EXTND # Extended DIR = Direct 
2. Unassigned opcodes are indicated by ‘’®’’ and should not be executed. 
3. Codes marked by ‘’T’’ force the PC to function as a 16-bit counter. 
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‘TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 


Pee 
‘Extend | Inherent Boolean/ 5 {4{3{2]1]0] 
lop} ~| #{ Op]~] # [op] ~| #{ Op]~] #lop|~| #] Arithmetic Operation | HI {NI Z] v[C_ 




























Pointer Operations 
















| Compare index Regis | ox Jaca} afecls[2facle] 2jecte[3| | | |x-muer [+ [-[4 {ti t[t] 
[Decrement index Reais fox? ||| [11 [1 | || lmatpxai—x — _|-f-l- ltt 
[Decrement Stack Powter foes} ||] | [|||] |] [mjapjseimsr | ff fpf 
increment index Resister fx? 111 [1111] 1] lelsppxrmx tefl ttf] 
Pinerement Stack Panter ws [fT TTP TIP Lisp pss PPP 
ox [ees } af oele]zteels] a}eels}s} | | [ume Te[el ti tiale] 
[Losa Stack Pointer | eos Jee] a]oe[«]2 [ac] 5] 2]ae[s{s| | | [marsrymen—se[-[>[t [tial 
[Store index Register [ste] | | forle|ter(s|alrris[s| | | [ummx—man  [-[-[titirle, 
STs [| [efter a] 2per[stay |} [seam wsh ie {lett lal 
A OO Sd OC 
5 
race XT TT TT see 
“Push Data PSHX 3c XL» Mgp.SP—1—> SP 

EEE EE Pe sree 
Pull Data PULX 5 | 1|SP+1-*SP,Msp —* Xy 

re il ee 


TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 























Memory Operations opl~[#[On[~[#]On]~|#lOn]~[#|Op|~|m| expression [AT 1 IN] Z| VIC] 
[Aaaaemis ABA | [TT [tt ttt |} felatiacs~a  titelttitttt 
asx |_| [1 1 t{ 1 1{—_ I [sais [ilooe-x-x _lelelelelele| 
Past win cory tavealeslz totals taiasta izlepiatay ft lasmscea titel y 

| fance| cel? 2/o9]3{2|e9[4 [2] rel4{s| | | [e-mec-s ItelfitiiTt] 
[Aa =a seta Ta foefsatasle W2teala fst ft tarm a ite TT 
ApDB| cel? |2|0B| 3|7/e6| 4 |2| FB] 4[3| | | le-mM=aTife({T titi 

[Aad Double | adoo| cala[3}os]5[2}esfe |2{ralefal | | jo+mm+i=p lelelt tit 1] 
eam panied ee eat oey sates] e eles) of) aa ere inte: 
ioee fANDB| C42 [2104] 3| 2] ea] 4 [2] rala{a, [ |jem=s  lelelt{{{ale| 

Shin Lehi fast | | 1 T | | fesle|2}efets| | Ty = _ ele tt ttitt] 

Arithmetic rascal TT TT TT TT faat2 fy) OC) <> fee ry) 

rAsiBT oT TT dt Pr ee ee sf 2 fi OCIIAIRIa 
samcenoer aswel Tf fost poe ir 

Shift Right, fase | 1 11 11 feelaimiers fT | = ere ite 

Arithmetic rasrat ft 17 111 1 tt |} faah) GOs Peet 

acral TTT ttt tt] Trim  feferith 
[mere fara taste tails aimee atop tat ff tan Sole fitita 
rere {cs]2[2}os|3]2/es}4 jatrsfatay | [lem Jelelit ital 
[Compare Acris Jose] [| 1] [tt | tt [| [ietia-e — Teletiti ty] 
Gear cr} 1 | 1 [1 ferlei2[rfetay [Ty foo-m Te efat stay 
rama | Fy} tty t Tt Tf fala pjoo=a lef etry sta} 
roure | | tT TTT tJ ferl2 fifoo=s Jef etal stay 
i 2 OEE GOES 
rempa}cr[2 [2 jor ayers f2trrf4t3] | | jem lefe[iT tit tl 
1's Complement com{ {|| | 1 [esle{2|7s[e(3] | |[M-m _lefel it] 
fcomal tt TT fale tea tee titers, 
feowat FP rt foal fib a __etetit tals: 

Decimal Adj, A OAR [| [79] 2 [1 fAgj binary sum to BCOl@[ oT 4] | 

Decrement pec {|} | [ea ers | [iw-t=m fefeltt tt tte| 

fpecay PTT ty P[ faala fata fee iT te] 
pee TP pealz [iets _fefel tt ite, 
| ectaww on feona feat fates [zt Aa EAE Sa IC OL We OIE) 
eons [ca[2 [2/08] 3 [2] fast | [le Om—s leleli{tirte, 
a a etsy |_| [Met=m _lefelit 
os PT facia arta feletititth 
A Tfsclzfifeei=s_fefelit tt ite, 
[ voarmentirs funn fastz [2 a6 3 12 afst | [[M=a____lefe( ti ttre, 
[OAs [C6]? [2 [06[3 ]2| retsy_[ [[M=e8 leet iT tate, 
[toad Double ——‘fuod fects [afocla [2 spat | [[wm+t =o Tele tt] 
Logical Shift, ese sist ft fl ORITIRIRIES 
Lett Cs Pee pct. leleto tt 
ise rissa] Sf PIgReeue 
SO Toss Ti] Peretith 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 











OSOCCeeneeeessoUdeeeo 
GOCOCS SEs mime Gamal 
relelele eer 
| 

a 





ojelolelelelelelele(e/e/elelelele[elele| 
olelelelolejeleofelolefe[e|elelelele[elelelele| 


s = 
a0 ; 
a <LI 


< 
ee tee Jel leieiet ee 


om 
Pe] Ialstolel [vtetel | folmfelel elel Ivdede] TTT TT TT bled | 


61 Fe /\s| [elsi5| | [slsis/e] [eis] [else | | | | | | | PRY | 
om — 
ele er Lele Een) 7 pele feoleateotenien| 1 lea 


yor TTT fel Ty ile TTT fel | fol | ielefefefolelelol | fo! 
Sie] tT RE TT isis] | TT yey | let | | ielofeleleleleial | [el 
fer treet eer ais TT hlelalelatstalet 1] 


Condition Codes - 
jefeltRi Tritt). 
@leiRi tite | 





Boolean 
b0 
M-C#A 
M-C 8 
~B 
M:M +1 —D 


[eA fereotit tae | 
P[M-00 fefel it tt rya | 

Oe DC 
pT sofa ye oper sey a | 


-~> Stack 
db? 
B-A 


+M~B 


‘ ‘ 


fo) 
a 
~ 
a 


A+M +A 
Stack —A 
D~—MM +1 
A-M+~A 


= 
) 





D 





ica 


feed 

ol TTT fel TT tele] [TT fel T fel TT ielelelelole[sfol | [ol 

sis] | tt st tT ils] | | fet | isl | | eisiefeeleletel | fel | 
ana a 





PIPETTE Peet HITT eeeeeeeet TT 


Si TTT TTT TT isis] | TTT TT TTT eisisisielsefsy | | | | | 
BCCI is eT iefefe PET 
PTT lel TTT le TT Taal 


f N ° : 
BEET TTT sist | TE TTT it fT isieiet |] TY 


@ f+) <]ao ao a F : 
pea (oa [afd S\2|= S/5| 21/3 | SIS|12 0 | 9 leo} c|-| 5] > 
Ras Ololalalalataialtclciciac lela lola a” Pa fend ald ed Fa 





Accumulator and 
. Memory Operations 


Shift Right. 





Subtract Double 
Minus 


Subtract Acmitr 
_ Transfer Acmitr 


Subtract with 
Carr : 


Multiply —° 

2's Complement 
(Negate)} .. 

No Operation 
Inclusive. OR 
Push Data 

Pull Data 
Rotate Left 
‘Rotate Right 
Test, Zero or 





The condition code register notes are listed after Table 12. 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 


















































ea 

Relative (5/4) 3] 2/1] 0 
Operations Op] ~] #| Op] ~] # [Op] ~] # [Op] ~] # [Op] ~] # | Branch Test HP UNE Zi vic 

[Branch Aiways | BRA] | | f2ofst27 T Tt ttt fy [Noe Ce fe eee le! 

[Branch Never S| BRN] =| OT forest 2] [ TT [TT tT [Non se [eo [of [eT] 

[Branch if Carry Clear ss] acc | | | [as[af2{ | [ | [| [ [ [ [ fc=o fotetelele [el 

pes | [ { faist2t | | ft | tf tt [c= BoOnooo 

[Branch if=Zero | BEQ | | | fortsf2y Ty PT [Ty Jy fz=-1 [ete e[e 

JBranch if zZero | GE | | | facis[2] | [ | [ [ [ [ [ [n@v-0 fe [e[ ele] eT! 

sot | [ | [2e}3{ 2 | Pt TTT Tt [z+w@veo [efoto fetele| 

[Branch If Higher | BH | =| | [22tat2] [| ( | [| | [ f [ [c+z=0 sd fe Te Tf Te] 

[Branch If Higher or Same ss | BHS | | | f2atsf2] | | | | J {| | | fc=o se fe feo e [el 

Ble | | y jaFisy2] | | ttt | izes @wer fe foo dele eo! 

[Branch if Carry Set | BLOT | [ Jaisf(2t Tt | [ [ [| tf [c=1 ie fo fe fee [el 

[Branch if Lower Or Same | BLS | | | [23/3] 2 | eee 

[Branch if <Zero | «BLT | 

[Branch If Minus] OMI 

[Branch If Not Equal Zero | BNE | | | 

[Branch If Overfiow Clear | BVC | | | 

Bvs | | | 

BPL | | 

(Branch To Subroutine [BSR | 

jump sd 

JSR_90] 5 | 

[No Operation SP NOP | | 

Return From interrupt | RT! | BREESE 

ATS | ee pol 

Be 


Wait For Interrupt 


: 

1 t rs tata y2qi] ol! 
- . . Operations | MNEM | Boolean Operation | H | | |N |Z [Vv{ Cc] 

\ i re ee ee eS 









5 
] 
$ 


nn fe) 
m 
fo) ° 
BEBREEBEE 


Clear Interrupt Mask 


oO 
© 
< 


Clear Overflow 


ae 
cc foc{2}i1] o=c_[-{-[-|-|-[ Al 
iE, Ok — ss 
tr) omy tele [ef pal 
: ccs 


n 
m 
< 


Set Overflow 
Accumulator A—* CCR 
CCR —* Accumulator.A 


0 


~ 





LEGEND CONDITION CODE SYMBOLS 
Op Operation Code (Hexadecimal) H_ Half-carry from bit 3 
Number of MPU Cycles Interrupt mask 


~ | 
Msp_ Contents of memory location pointed to by Stack Pointer N_ Negative (sign bit) 

# Number of Program. Bytes Z Zero (byte) 

+ Arithmetic Plus V_ Overflow, 2's complement 
~ Arithmetic Minus C Carry/Borrow from MSB 
© Boolean AND R_ Reset Always 
X Arithmetic Multiply S Set Always 

+ Boolean Inclusive OR 1 Affected 

@ Boolean Exclusive OR © Not Affected 

M Complement of M 

— Transfer Into 
0 Bit=Zero 

00 Byte= Zero 
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES 


ADDRESSING MODE 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information - 


present on the Address Bus, Data Bus, and the Read/Write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed: The information is categorized in 
groups according to addressing mode and number of cycles 


per instruction. In general, instructions with the’same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external Data Bus ex- 
cept in Mode 0. ‘’High order’ byte refers to the most signifi- 
cant byte of a 16-bit value. 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 





IMMEDIATE 


Opcode Address 
Opcode Address + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


Opcode Address 
Opcode Address +.1 
Opcode Address + 2 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode Address 

Opcode Address +1 
Destination Address 
Opcode Address 

Opcode Address + 1 
Address of Operand 
Operand Address + 1 


Opcode Address 
Opcode Address + 1 
‘Address: of Operand 
Address of Operand+ 1 
Opcode Address 
Opcode Address + 1 
Operand: Address 
Operand Address + 1 
Address Bus :FFFF 


Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer —1 


OhRWN=]oO BR WN = 


Address Mode and Cycle Rw] 
Instructions Cycles} # Address Bus Line Data Bus 





Opcode 
Operand Data 


Opcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Address of Operand. 
Operand Data 


Opcode 

Destination Address 

Data from Accumulator 
Opcode ; 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte} 
Opcode 

Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Opcode 

Address of Operand 
Operand:Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 


al a 
Instructions Cycles| # Address Bus Line 
EXTENDED ; 

JMP - , 































Opcode 
Jump Address (High Order Byte) 
Jump Address {Low Order. Byte) 
Opcode-. 
Address of Operand 

Address of Operand (Low Order Byte) 
Operand Data 


Opcode Address... - 
Opcode Address+ 1 
Opcode Address + 2 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
















Opcode 
Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 
Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
_Opcode ; 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
-Operand, Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode. 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 
Opcode 
Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


Opcode Address 
Opcode Address + 1 

Opcode Address + 2 

Operand Destination Address 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Opeérand.+ 1 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Address. | 
Operand Address + 1 
Address Bus FFFF © 


Opcode Address 
Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 
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*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF. 
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TABLE 14. — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 





INDEXED 


1 
2 
3 
4 
1 
2 
3, 
4° 
5 
1 
2 
3 
4 
5 


ANEWN Bla aTawn-loorwn 


Opcode Address 
Opcode.Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 ° 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus. FFFF 

Index Register Plus. Offset 
Opcode Address — 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address . 


 Opcode Address+ 1 - 


Address Bus FFFF 


‘Index Register Plus Offset 


Index Register Plus Offset + 1 
QOpcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

Index Register Plus Offset 
Opcode Address © 

Opcode Address + 1 


| Address Bus FFFF. 


Index Register + Offset 
Index Register + Offset + 1 
Address Bus 'FFFF 
Opcode Address 

Opcode Address + 1 
Address Bus FFFF 


| Index Register + Offset 


Stack Pointer 
Stack Pointer — 1. 


‘Address Mode and “—” TCyele =: R/W 
Instructions ycles}. # Address Bus" Line | 





” Data Bus 





Opcode 

Offset he 
Low Byte of Restart Vector 
Opcode 

Offset 

Low Byte of Restart ‘Vector 
Operand Data 


Opcode 

Offset ; 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset ; 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 

Opcode 

Offset 

Low Byte of Restart Vector | 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 
Opcode 

Offset 

Low Byte of Restart Vector 
First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High.Order Byte) . 





*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) : 


Address Mode and 
Instructions 


INHERENT ee 





Cycle : 
Cycles} # - Address Bus : 


Opcode Address ~ 
Opcode Address + 1 

















Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Previous Stack Pointer Contents 
Opcode Address 
Opcode Address +11 

Address Bus FFFF 
Opcode Address ~ 
Opcode Address+1 . 
Stack Pointer 


Opcode Address 
Opcode.Address+1 - 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+1 


Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer—1 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer—1 
Stack Pointer—2 
Stack Pointer —3 
Stack Pointer—4 - 
Stack Pointer—5 
Stack Pointer—6 


ASLD 
LSRD 











DES 
INS 





INX 
DEX 


PSHA 
PSHB 





eel ee ahs 


TSX 
























‘Low Byté of Restart Vector 


,Opcode : 
Opcode of Next Instruction 









Accumulator Data 


Opcode 
Opcode of Next Instruction 











Opcode | ; : 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack - 
Opcode 
Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Opcode ; 

Irrelevant Data 

Irrelevant Data Ag 
Index Register (High Order Byte) 
Index Register (Low Order Byte) 




























Opcode ~ 
Opcode of Next Instruction’ 














Opcode 
Irrelevant Data 










Opcode 
Irrelevant Data - 
Low Byte of Restart Vector 






Irrelevant Data 
Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 
Opcode . 
Opcode of Next Instruction: 





Irrelevant Data 







Opcode 
Irrelevant Data 

Irrelevant Data 

Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 
Opcode 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Re 








gister_ 
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RELATIVE 

BCC BHT BNE BLO 
BCS BLE BPL BHS 
BEQ BLS BRA BRN 
BGE BLT BVC 

BGT BMT BVS 


SODVOADAWN =| HOMNAMTFWH =| 


YVBOOMVYNMBAMHMFWN— 


MC68701 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 


‘Address Bus FFFF 


Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 


Stack Pointer +3 

Stack Pointer +4 

Stack Pointer+5 

Stack Pointer +6 

Stack Pointer +7 

Opcode Address 

Opcode Address + 1 

Stack Pointer 

Stack Pointer —~1 

Stack Pointer — 2 

Stack Pointer -3 

Stack Pointer -—4 

Stack Pointer -—5 

Stack Pointer —6 

Stack Pointer —7 

Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 





Op Code Address 
Op Code Address +1 
Address Bus FFFF 


Op Code’ Address 
Op Code Address +1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer -1 





ee ee eee ee eee ee 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle] ~ |R/W 
Instructions Cycles} # | Address Bus -- Line 





Opcode 

trrelevant Data 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 
| Low Byte of Restart Vector 

Low Byte of Restart Vector 


Opcode 

irrelevant Data 

Irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack {High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode 

Irrelevant Data 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Condition Code Register 
Irrelevant Data 

Address of Subroutine (High Order Byte) 
Address of. Subroutine (Low Order Byte) 





Op Code 
Branch Offset 
Low Byte of Restart Vector 


Op Code 

Branch Offset 

Low Byte of Restart Vector 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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JSR, Jump to Subroutine 


Main Program 


$9D=JSR 


PC 


K = Direct Address 





Main Program : 2 


SAD=JSR 
K = Offset 


Main Program 


$BD=JSR 
SH = Subr. Addr. 
SL= Subr. Addr. 











INDXD 
RTN 












EXTND 


RTN 


BSR, Branch To Subroutine 


$8D = BSR —> SP-2 
+K= Offset SP-1 
fenfeet Mera sP 





RTS, Return from Subroutine Subroutine 


3P 
PC $39= RTS SP 


—> SP+2 


Legend: 


Main Program SP 


FIGURE 24 — SPECIAL OPERATIONS 


Stack 


RTNy 
RTNL 


Stack 


RTNH 
RTNL 


Stack 


3 RTNY 


RTN. 


RTN= Address of next instruction in Main Program to be executed upon return from subroutine 


RTNH = Most significant byte of Return Address 
RTN, = Least significant byte of Return Address 
—* = Stack Pointer After Execution 

K=8-bit Unsigned Value 


SWI, Software Interrupt Main Program sP Stack 


PC $3F = SWI 
1 ee 


Condition Code 
Acmitr B 
Acmitr A 


Index Register (X}4) 


WAI, Wait for Interrupt Main Program tndex Register (X;) 


$3E = WAI RTNH 











RTI, Return from Interrupt Interrupt Program oF Stack 
“> see7 
JMP, Jump Main Program © =. BE Main Program 





$7E= JMP P 
KH = Next Address 


$6E = JMP 
K = Offset 
e 


e 
e 
X+K | Next Instruction 


NERD Extended Ki = Next Address 
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EPROM PROGRAMMING ROUTINE 


PAGE 001 EPROM -SA:1 EPROM *** ROUTINE TO PROGRAM THE MC68701 EPROM *** 





00001 NAM EPROM 

00002 OPT Z01,LLEN=80 

00003 TTL *k*k ROUTINE TO PROGRAM THE MC68701 EPROM ** 
00004 

00005 TIT TTTLICTITITTTTT CTT TTI TT TTT TTL TELL LE LPL ieee 
00006 * 

00007 * EPROM-=--A_ NON-REENTRANT ROUTINE TO PROGRAM 
00008 * THE MC68701 EPROM. 

00009 x 

00010 * THE ROUTINE PROGRAMS THE MC68701 EPROM 
00011 * STARTING AT ADDRESS "PNTR"™ FROM A 
00012 x BLOCK OF MEMORY STARTING AT "IMBEG" 
00013 x AND ENDING AT "IMEND". 

00014 x 

00015 * CALLING CONVENTION: 

00016 * 

00017 * JSR EPROM 

00018 * 

00019 * NOTES: 

00020 * 

00021 * 1. THE ROUTINE EXPECTS FOUR DOUBLE BYTE VALUES 
00022 * TO BE INITIALIZED PRIOR TO BEING CALLED. 
00023 * THESE VALUES ARE: 
000 24 * 

00025 * IMBEG = A DOUBLE°BYTE ADDRESS WHICH POINTS 
000 26 * TO THE FIRST BYTE TO BE PROGRAMMED 
00027 * INTO THE EPROM. 

00028 * 

00029 * IMEND = A DOUBLE BYTE ADDRESS WHICH POINTS 
00030 * TO THE LAST BYTE TO BE PROGRAMED IN- 
00031 * INTO THE EPROM. 

00032 * é 

00033 * PNTR = A DOUBLE BYTE ADDRESS WHICH POINTS 
00034 * TO THE FIRST BYTE IN THE. EPROM TO BE 
00035 * PROGRAMMED . 

00036 x . 

00037 * WAIT = A DOUBLE BYTE COUNTER VALUE WHICH IS 
00038 * A FUNCTION OF THE MCU INPUT. FREQUEN- 
00039 * CY AND IS USED WITH THE OUTPUT COM 
00040 * PARE FUNCTION TO GENERATE A 50 MSEC 
00041 * TIMEOUT. IT IS EQUIVALENT. TO 

00042 * . 
00043 * 50000 * (MCU INPUT FREQ) / 4 * 10**6 
00044 * : 

00045 * VALUES: FOR TYPICAL INPUT FREQS ARE: 
00046 x 
00047 * WALT MCU INPUT FREQ 
00048 * Be eeecceseus woo---- === 
00049 * 30615 ($7797) 2.45 MHZ 
00050 x 50000 ($C350) 4.00 MHZ.. 
00051 * 61375 (SEFBF) 4.91 MHZ 
00052 * 

00053 * 2. IT IS ASSUMED THAT POWER (VPP) IS AVAILABLE 
00054 x: TO THE RESET PIN FOR PROGRAMMING. 

00055 * 

00056 * 3. THIS ROUTINE PERFORMS NO ERROR CHECKING.. 
00057 * 

00058 * 


Routine parameter initialization, such as stack pointer, etc., must be done prior to entry. 
(Use of PRObug will ensure all needed initialization.) 
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EPROM PROGRAMMING ROUTINE 


PAGE 002 EPROM eSA:1 EPROM *** ROUTINE TO PROGRAM THE MC68701 EPROM *** 


00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070A 
00071A 
00072A 
00073A 
00074A 
00075 
00076 
00077 
00078A 
00079A 
00080A 
00081A 
00082 
00083A 
000844 
00085A 
00086A 
00087A 
00088A 
00089A 
00090A 
00091A 
0009 2A 
00093 
00094 
00095 
00096A 
00097A 
00098A 
- 00099A 
00100A 
00101 
00102A 
- 00103A 
00104A 
00105A 
00106A 
00107A 
00108A 
00109A 
OO1L0A 
O0111A 
001124 
00113 


0080 
0080 
0082 
0084 
0086 


3000 
3000 
3002 
3003 


3005 
3006 
3008 
300A 
300C 
300E 
3010 
3011 
3013 
3015 


3017 


3019. 


301B 
301E 


3020 


3022 


3024 . 


3026 


3027 
3028 


302A 
302C 
302E 
3030 


3031 


3033 


DC 
D3 
7F 
DD 
86 


95 
27 
38 
08 
9C 
23 
86 
97 
38 
DF 
39 


000g8 A 
0009 A 
OOOB A 
0014 =A 
0002 A 
0002 A 
0002 A 
0002 A 
84 A 
80 A 
FE A 
14 A 
00 A 
84 A 
00 A 
84 A 
FC A 
14 A 
86 A 
09 A 
0008 A 
OB A 
40 A 
08 oA 
FC 3022 
82 A 
D9 3005 
FF A 
14 A 
84 A 


* EQUATES 


TCSR 
TIMER 
OUTCMP 
EPMCNT 


* LO 


IMBEG 
IMEND 
PNTR 
WAIT 


EPROM 


EPROO 2 


EQU $08 
EQU $09 
EQU SOB 
EQU $14 
CAL 

ORG $80 
RMB 2 

RMB 2 

RMB 2 

RMB 2 
ROM 

ORG $3000 
LDX PNTR 
PSHX 

LDX IMBEG 
PSHX 

LDAA #SFE 
STAA _ EPMCNT 
LDAA X 

LDX PNTR 
STAA  X 

INX 

STX PNTR 
LDAA ~~ #SFC 
STAA — EPMCNT 


* NOW WAIT FOR 50 MSEC 


EPROO4 


TOTAL ‘ERRORS 00000--00000 


LDD 
ADDD 
CLR 
STD 
LDAA 


BITA 
BEQ 
PULX 
INX - 
CPX 
BLS 
LDAA 


“STAA 


PULX 
STX 
RTS 
END 


WAIT 
TIMER 
TCSR 
OUTCMP 
#$40 


TCSR 
EPROO04 


IMEND 
EPROO2 
#SFF 
EPMCNT 


PNTR 


TIMER CONTROL/STAT REGISTER 
COUNTER REGISTER 

OUTPUT COMPARE REGISTER 
RAM/EPROM CONTROL REGISTER 


VARIABLES 


START OF MEMORY BLOCK 

LAST BYTE OF MEMORY BLOCK 

FIRST BYTE OF EPROM TO BE PGM°D 
COUNTER VALUE 


STARTS HERE 


SAVE CALLING ARGUMENT 
RESTORE WHEN DONE 
USE STACK 


SAVE POINTER ON STACK 
REMOVE VPP, SET LATCH 
PPC=1, PLC=0 

MOVE DATA MEMORY-TO-LATCH 
GET WHERE TO PUT IT 

STASH AND LATCH 

NEXT ADDR 

ALL SET FOR NEXT 

ENABLE EPROM POWER (VPP) 
PPC=0, PLC=0 


TIMEOUT USING OUTPUT COMPARE. 


GET CYCLE COUNTER 
BUMP CURRENT VALUE 
CLEAR OCF 

SET OUTPUT COMPARE 
NOW WAIT FOR OCF 


NOT YET 

SETUP. FOR NEXT ONE 

NEXT 

MAYBE DONE 

NOT YET 

REMOVE VPP, INHIBIT LATCH 
EPROM CAN NOW BE READ 
RESTORE PNTR 


THAT’S ALL 
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ORDERING INFORMATION 


The following table provides generic information pertaining to the package type and temperature for the MC68701. 
The MCU device is available only in the 40-pin dual-in-line (DIP) package in the Cerdip and Plastic packages. 


GENERIC INFORMATION 

























Frequency _ Temperature Cerdip Package Ceramic Package 
|____ (Mz) ‘(Degrees C) (S Suffix) | ——_—(L Suffix) 
1.0 0 to 70 MC68701S MC68701L 
1.0 —40 to +85 MC68701CS MC68701CL 
1.25 0 to 70 MC68701S-1 MC68701L-1 
1.25 -—40 to +85 MC68701CS-1 - MC68701CL-1 
2.0 0 to 70 MC68B701S MC68B701L 














PIN ASSIGNMENT 





Standby 
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TECHNICAL DATA 
| -—MC68701U4 


Advance /[nformation 


8-Bit EPROM Microcontroller/Microprocessor 
(MCU/MPU) 


The MC68701U4 is an 8-bit single-chip EPROM microcontroller unit (MCU) which enhances the 
capabilities of the MC6801 and significantly enhances the capabilities of the M6800 Family of parts. 
It includes an MC6801 microprocessor unit (MPU) with direct object-code compatibility and upward 
object-code compatibility with the MC6800. Execution times of key instructions have been improved 
over the MC6800 and the new instructions found on the MC6801 are included. The MCU can func- 
tion as a monolithic microcontroller or can be expanded to a 64K byte address space. It is TTL 
compatible and requires one +5-volt power supply for nonprogramming operation. An additional 
Vpp power supply is needed for EPROM programming. On-chip resources include.4096 bytes of 
EPROM, 192 bytes of RAM, a serial communications interface (SCI), parallel /O, and a 16-bit six- 
function programmable timer. 


e Enhanced MC6800 Instruction Set 

Upward Source and Object Code Compatibility with the MC6800, MC6801, and MC6801U4 
Bus Compatibility with the M6800 Family 

8x8 Multiply Instruction 

Single-Chip or Expanded Operation of 64K Byte Address Space 
internal Clock Generator with Divide-by-Four Output 

Serial Communications Interface (SCI) 

16-Bit Six-Function Programmable Timer 

Three Output Compare Functions 

Two Input Capture Functions 

Counter Alternate Address 

4096 Bytes of Use EPROM 

192 Bytes of RAM 

32 Bytes of RAM Retainable During Power Down 

29 Parallel I/O and Two Handshake Control Lines 

NMI inhibited Until Stack Load 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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P37 
P36 
P35 
P34 
P33 
P32 
P31 

P30 
$C2 
SCl 


P47 
P46 
P45 
P44 
P43 
P42 
P41 
P40 


A7/D7 
A6/D6 
A5/D5 
A4/D4 
A3/D3 
A2/D2 
A1/D1 
A0/DO 
R/W 
AS 


Ald 
Al4 
Al3 
Al2 
All 
A10 
Ag 

A8 


= 


D7 
D6 
DS 
D4 
D3 
D2 
D1 
DO 
R/W 
iOS 


A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 


VO 
/O0 
1/0 
1/0 
1/0 
70 
1/0 
1/0 


Expanded Multiplexed 


Vec Standby 


Expanded Non-Multiplexed 


= Single Chip 


Standby 


RAM 





BLOCK DIAGRAM 


4096 x 8 
EPROM 














P20 
P21 
P22 
P23 
P24 


P10 
P14 
P12 
P13 
P14 
P15 
P16 
P17 


TIN 
TOUT 
SCLK 
RDATA 
TDATA 


TIN2 
TOUT2 
TOUTS 


VO 
1/0 
1/0 
0 
1/0 


1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
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MC68701U4 


MAXIMUM RATINGS 
Rating 








= 


Z This device contains circuitry to protect the 
Symbol Value Unit | ies 


inputs against damage due to high static 
Vcc —0.3 to +7.0 Vv voltages or electric fields; however, it is ad- 

vised that normal precautions be taken to 
Tin — 9.3 to +7.0 Vv avoid applications of any voltage higher than 
Ta 0 to 70 gC: maximum rated voltages to this high- 
impedance circuit. For proper operation it is 
recommended that Vjn and Voyt be con- 








Supply Voltage 





| Input Voltage 





Operating Temperature Range 





Storage Temperature Range 

















Programmed Tstg —40 to +85 °C . to th NDS(V; 
Unprogrammed —55 to +150 | ee ee i eanlge SON = Min: Oh 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

THERMAL CHARACTERISTICS GND or Vcc’). 
Characteristic Symbol Value Rating 
Thermal Resistance Cerdip QA ie 65 °C/W | 
POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 


Ty=Tyt+ (Pp + Oya) (1) 
where: 
Ta = Ambient Temperature, °C 
OIA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+Pport 
PINT = Ice x Vec, Watts — Chip Internal Power 


Pport = Port Power Dissipation, Watts — User Determined 


For most applications PpgRtT<Pint and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PporT is neglected) is: 
Pp=K+(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp* (T+ 273°C) + 0yaPp? (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 


equilibrium) for a known T,. Using this value of K, the values of PD and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ty 


CONTROL TIMING (Vcc =5.0 V +5%, Vgg =0) 







Characteristic 







MC68701U4 ceeorU Vy 
Symbo! ‘Tam nit 


oo 
Porystl Frequency eran | 20 | 6 [20 0 || 
crystal Oscilator Startup Time ng | = 00 J 100 | 
[Processor Gontiol Seup Time ecg Pm = POY — Los | 
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DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc +5%, Vgg=0) 
fo Characteristic Symboi | Min | Typ | Max | Unit 


Input High Voltage RESET Vv Vsst+4.0 Vcc 
Other Inputs* 1H Vsgs+2.0 Vcc 



























































Input Low Voltage RESET Vv Vss—-0.3 Vss+0.4 
Other Inputs* IL. Vss-0.3 Vss+0.8 
Input Current \ 25 A , 
(Vin = 0 to 5.25 V) Nmi, (ROT in ii 
Input Current 
lin -2.0 mA 
(Vin = 4.0 V to Vcc) = 
Output High Voltage Vv V 
(Woad= — 65 pA, Vec= min) p4o-p47,Sc1,sc2]} “OF | vgg+2.4 
Vsst+2.4 
Output Low Voltage 
(igad = 2.0 mA, Vec= min) Ail Outputs | _YOL host ee essere ane 
Internal Power Dissipation (measured at Ta =0°C in Steady-State Operation) [Pint [|  -— [ -— | 120 [ mw] 
Input Capacitance 
Cin 12.5 pF 
Other Inputs 10.0 
Standby Current Power Down ' Ea ee ees ee eee 
Programming Time (Per Byte) (Ta = 25°C) ppp 26 BO me 
Prosranming Curent WaeseT= pel Ta= BO Fs 
* Except Mode Programming Levels; See Figure 16. ; 


Vv 
Vv 
Input Current Port4 0.5 A 
(Vin =0 to 2.4 V) See Note Sci 08 m 
(Vin =0 to 0.4 V) See Note 
Hi-Z (Off State) Input Current 
(Vin =0.5 to 2.4 V} P10-P17, P20-P24, P30-P37 ITS} 10 pA 
MNoad= — 100nA, Vcc = min) Other Outputs 
Darlington Drive Current . 
(Vin =0, Ta = 25°C, fg = 1.0 MHz) : P30-P37, P40-P47, SC1 
Vec Standby Power Down} Vspp 4.0 5.25° Vv 
Power Up | Vsp 4.75 5.25 
Programming Votage (a= 25°C) 
NOTE: RESET/Vpp, Vi, and lin values differ from MC6801U4 values. 


PERIPHERAL PORT TIMING ‘(Refer to Figures 1-4) 
Characteristics 
Peripheral Data Setup Time : 
Peripheral Data Hold Time 
Delay Time, Enable Positive Transition to OS3 Negative Transition 


Input Strobe Pulse Width tPWIS 
Input Data Hold Time 
Input Data Setup Time 


a ee ee 
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FIGURE 1 — DATA SETUP AND HOLD TIMES 
(MPU READ) 


MPU Read 


P10-P17 

P20-P24 Data Valid 9 
P40-P47 
Inputs 


P30 P37 
Inputs * 


*Port3 non-latched operation (Latch enable = 0) 


FIGURE 3 — PORT 3 OUTPUT STROBE TIMING 
(SINGLE-CHIP MODE) 
MPU Access of Port 3* 


Address 
Bus 


($0006) 


os3 
(SC2) 








MC68701U4 


FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) af 


MPU Write 






(eee VCC 


Data Valid 





All Data 
Port Outputs 


NOTES ; 
1 10k pullup resistor required for port 2 to reach 0.7 Vcc 
2 Not applicable to P21 
3 Port 4 cannot be pulled above Vcc 


FIGURE 4 — PORT 3 LATCH TIMING 
(SINGLE-CHIP MODE) 


‘$3 
(SC1) 


P30-P37 
Inputs 





* Access matches. output strobe select (OSS =0, a read; OSS =1, a write) 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 5 — CMOS LOAD 


Test Point | 
30 pF 


i 


FIGURE 6 — TIMING TEST 
LOAD PORTS 1, 2, 3, AND 4 


Vcc 
RL =1.8 kQ 
Test Point 


' MMD6150 
or Equiv 


MMD7000 
or Equiv 


C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R=37 kQ for P40-P47, SC1, SC2 
= 24 kQ for P10-P17, P20-P24, P30-P37, E 
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BUS TIMING (See Notes 1 and 2, and Figure 7) 













cS ue Characteristics ‘ - | sma | MC687014 Unit 
Pt (ewetine ate | 19 | 20 [08] 20 | 
Pulse Wish, low SSSCSSCSCSCSCS*dYC | 8D] 1000] 360 1000 | 


Qa 


lock Rise and Fall Time : ae | 2 f - [2 | 
ddress Hold Time 20. | 


on-Muxed Address Valid Time to E* 
ead Data Setup Time 


ns 
360 
| ons | j 





= 


NO 


7 





ph 

|. 18. [Read Data Hold Time 

| 19 [Write Data Delay Time 
* At specified cycle time. 


FIGURE 7 — BUS TIMING 


| ) 
g 
i 80800, a | 
pO ees OG 
[ce Ft 








Addr/Data 
Muxed 





Addr/Data — 
Muxed 


Address 
Strobe (AS) 


NOTES: : : ‘ : 
1., Voltage levels shown are V,_ $0.5 V, VH2=2.4 V, unless otherwise specified.” 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by 22+ 3-17. 
4. Memory devices should be enabled only during E high to avoid port 3 bus contention. | 


5., Item 26 is different from the MC6801, but it is upward compatible. irae 
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. INTRODUCTION... 


The MC68701U4 is an 8-bit monolithic microcontroller 
which an be configured to function in a wide variety of 
applications. The facility which provides this extraor- 
dinary flexibility is its ability to be hardware pro- 
grammed into seven different operating modes. The 
operating mode controls the configuration of 18 of the 
40 MCU pins, available on-chip resources, memory map, 
location (internal or external) of interrupt vectors, and 
type of external bus. The configuration of the remaining 
22 pins is not dependent on the operating mode. 

Twenty-nine pins are organized as three 8-bit ports 
and one 5-bit port. Each port consists of at least a data 
register. and a write-only data direction register. The 
data direction register is used to define whether cor- 
responding bits in the data register are configured as 
an input (clear) or output (set). ° 


The term “port” by itself refers to all of the hardware 


associated with the port. When the port is used as a 


“data port’ or “I/O port,” it is controlled by the port 
data direction register and the programmer has direct 
access to the port pins using the port data.régister. Port 
pins are labeled as Pij where i identifies one of four 
ports and j indicates the particular bit. 

The microprocessor unit (MPU) is an enhanced 
MC6800 MPU with additional capabilities and greater 
throughput. It is upward source and object code com- 
patible with the MC6800 and the MC6801. The program- 
ming model is depicted in Figure 8 where accumulator 
D is a concatenation of accumulators A and B. A list of 
new operations added to the MC6800 instruction set are 
shown in Table 1. 

The basic difference between the MC6801U4 and the 
MC68701U4 is that the MC6801U4 has an on-chip ROM 
while the MC68701U4 has an on-chip EPROM. The 


FIGURE 8 — PROGRAMMING MODEL 





x 
15 sP 
15 PC 





8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


0 


Index Register (X) 


Stack Pointer (SP) 


OF} Program Counter (PC) 


HERG OEGG Condition Code Register (CCR) 


Carry/ Borrow from MSB 
~ Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


TABLE 1 — NEW INSTRUCTIONS. 



















ABX 





















LSL 
(same as ASL) 




















LSRD 

MUL 

PSHX Pushes the index register to stack 

PULX Pulls the index register from stack 

STD Stores the double accumulator to memory 
SUBD 





CPX © 


5858 


Unsigned addition of accumulator B to index register 


Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 


ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator - 
ASLD or LSLD 
BHS Branch if higher or same, unsigned conditional branch (same as BCC) © 
BLO Branch if lower, unsigned conditional branch: (same as BCS) 
BRN | Branch never 
JSR Additional addressing mode direct 
LDD. Loads double accumulator from memory 


Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 


Shifts the double accumulator right (towards LSB) one bit, fe MSB is cleared, and the LSB is shifted into the C bit 
Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 


Subtracts memory from the double accumulator and leaves the ‘difference in the. double accumulator | 
Internal processing modified to permit its use with any conditional branch instruction 
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MC68701U4 is pin and code compatible with the MC6801U4 
and can be used to emulate the MC6801U4, allowing easy 
software development using the on-chip EPROM. Software 


developed using the MC68701U4 can then be masked into: 


the MC6801U4 ROM. 

In Order to support the on-chip EPROM, the MC68701U4 

differs from the MC6801U4 as follows: 

(1) Mode 0 in the MC6801U4 is a test mode only, while in 
the MC68701U4 mode 0 is also used to program the 
on-chip EPROM. 

(2) The MC68701U4 RAM/EPROM control register has 
two bits used to control the EPROM in mode 0 that are 
not defined in the MC6801U4 RAM control register. : 

(3) The RESET/Vpp pin in the MC68701U4 is dual pur- 
pose, used to supply EPROM power as well as to reset 
the device; while in the MC6801U4 the pin is called 
RESET and is used only to reset the device, 


OPERATING MODES 


The MC68701U4 provides seven different Operating modes 
(modes 0 through 3 and 5 through 7). The operating modes 


are hardware selectable and determine the device memory 
map, the configuration of port 3, port 4, SC1, SC2, and the 


physical location of the interrupt vectors. 


FUNDAMENTAL MODES 

The seven operating modes (0-3, 5-7) can be grouped into 
three fundamental modes which refer to the type of bus it 
supports: single chip, expanded non-multiplexed, and ex- 
panded multiplexed. Single chip is mode 7, expanded non- 
multiplexed is mode 5, and the remaining 5 are expanded 
multiplexed modes. Table 2 summarizes the characteristics 
of the operating modes. 


SINGLE-CHIP MODE (7) — In the single-chip mode, 
the four MCU ports are configured as parailel input/ 
output data ports, as shown in Figure 9. The MCU func- 
tions as a monolithic microcontroller in this mode with- 
out external address or data buses. A maximum of 29 
V/O lines and two port 3 control lines are provided. Pe- 
ripherals or another MCU can be interfaced to port 3 in 
a loosely coupled dual-processor configuration, as 
shown in Figure 10. 


TABLE 2 — SUMMARY OF OPERATING MODES 


Single-Chip (Mode 7) 


192 bytes of RAM, 4096 bytes of EPROM _. : 
Port 3 is a parallel 1/O port with two control lines 


Port 4 is a parallel I/O port. 


Expanded Non-Multiplexed (Mode 5) ~ 


192 bytes of RAM, 4096 bytes of EPROM 


256 bytes of external memory space 


Port 3 is an 8-bit data bus’. 


Port 4 is.an input port/address bus 


Expanded Multiplexed (Modes 0, 1, 2, 3, 6) 


Four memory space options (total 64K address space) 
(1) internal RAM and EPROM with partial address bus (mode 1) 
(2) Internat RAM, no EPROM (mode 2) 
{3) Extended addressing of internal 1/O and RAM 
(4) Internal RAM and EPROM with partial address bus (mode 6) 
Port 3 is multiplexed address/data bus | - 
Port 4 is address bus (inputs/address in mode 6) 





Test/Program mode (mode 0): 
May be used to test internal RAM and EPROM 
May be used to test ports 3 and 4 as |/O ports by writing into mode 7 
Used to program EPROM , 

Only modes 5, 6, and 7 can be irreversibly entered from mode 0 


‘Resources Common to All Modes 


Reserved register area 

Port 1 input/output operation 

Port 2 input/output operation 

Timer operation 

Serial communications interface operation 
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FIGURE 9 — SINGLE-CHIP MODE | 








Vec Standby >} 


RESET 


‘Port 1 
8 1/0 Lines 
16-Bit Timer 


Port 4 
- 8,170 Lines 


Port 3 
8 1/0 Lines 


3 
683 
© Port 2 ~ 
5 I/O Lines 


SCl 
16-Bit Timer 


" FIGURE 10 -- SINGLE-CHIP DUAL PROCESSOR CONFIGURATION. 


Vcc 








Vcc Standby 
RESET 





Port 1 

81/0 

Lines 
16-Bit Timer 







Port 2 
51 O Lines 
scl 
16-Bit Timer 


Vss° 


EXPANDED NON-MULTIPLEXED MODE (5) — A modest 


amount of external memory space is provided in the expand- 
ed non-multiplexed mode while significant on-chip resources 
are retained. Port 3 functions as an 8-bit bidirectional data 
bus and port 4 is configured initially as an input data port. 
Any combination of the eight least significant address lines 
may be obtained by writing to the port 4 data direction 
register. Stated alternatively, any combination of AO to A7 
may be provided while retaining the remainder as input data 
lines. Internal pullup resistors pull the port 4 lines high until 
the port is configured. 

Figure 11 illustrates a typical system configuration in the 
expanded: non-muitiplexed mode. The MCU interfaces 


directly with M6800 Family parts and can access 256 bytes of 


external address space at $100 through $1FF. IOS provides 
an address decode of external memory ($100-$1FF) and can 
be used as a memory-page select or chip-select line. 


‘Port 4 
81/0 
‘Lines 


Vcc 


XTAL 


3|" 


| 


5 
eg 


EXTAL 
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Port 1 
81/0 
Lines 


53 16-Bit Timer 


$3 






Port 4 
81/0 
Lines 





Port 2 
5 I/Q@'Lines:-- 
SCI. 
16-Bit Timer” 


EXPANDED MULTIPLEXED MODES (0, 1, 2, 3, 6} — A 
64K byte memory space is provided in the expanded 
multiplexed ‘modes. In each of the expanded multiplexed 
modes, port 3 functions as a time multiplexed address/data 
bus with address valid on the negative edge of address 
strobe (AS) and data valid while E is high. In modes 0, 2, and 
3, port 4 provides address lines A8 to A15. In modes 1 and 6, 
however, port 4 initially is configured at reset as an input 


‘data port: The port 4. data direction register can then be 


changed to provide any combination of address lines A8 to 
A15. Stated alternatively,.any subset of A8 to A15 can be 
provided while retaining the remaining port 4 lines as input 
data.lines. Internal pullup. resistors pull the port 4 lines high 
until software configures the port. 


In mode 0, the reset and interrupt vectors are located at 
$BFFO-SBFFF. tn addition, the internal and external data 
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buses are connected, so there must be no memory map 
overlap in order to avoid potential bus conflicts. By writing 
the PCO-PC2 bits in the port 2 data register, modes 5, 6, and 
7 can be irreversibly entered from mode 0. Mode 0 is used to 


program the on-chip EPROM. 


Figure 12 depicts a typical configuration for the expanded 
multiplexed modes. Address strobe can be used to control a 
transparent D-type latch to capture addresses AO-A7, as 
shown in Figure 13. This allows port 3 to function as a data 


bus when E is high. 


_ FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION 









Vcc Standby 


RESET 


Port 1 
8 1/0 Lines 
16-Bit Timer 


Port 2 
50 
Lines 
_ scl. 
{®-Bit Timer 


Port 1 
81/0. 
16-Bit Timer 

Port 2 
51/0 
SCcl 
Timer 


Port 3 
8 Data Lines 
R/W 
idS 
Port 4 
To8 
Address Lines 
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FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION 











Vcc Standby 
RESET TROT 
Port 1 Port 3 
8 1/0 Lines 8 Lines 
16-Bit Timer R/W Multiplexed Data Address 
Port 2 AS Port 4 
5 I/O Lines 8 Lines 
scl Address Bus 
16-Bit Timer + 
Vss 
Vcc 
Data Bus 
(DO-D7) 
Vcc Standby 
a Address Bus 
(A0-A15) 
R/W 
Port 1 
E 
81/0 
16-Bit Timer 
Port 2 
51/0 
Sci 
Timer 





NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 


FIGURE 13 — TYPICAL LATCH ARRANGEMENT 


GND 
AS 


Port 3 SN74LS373 = i ee a 
Address/Data (Typical) ; Address AQ-A7... 





Data DO-D7 
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PROGRAMMING THE MODE 

The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels are 
latched into PC2, PC1, and PCO of the program control 
register on the positive edge of RESET. The operating 
mode may be read from the port 2 data register, as 
shown below, and programming levels and timing must 
be met a shown in Figure 14. A brief outline of the 
operating modes is shown in Table 3. 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 


[pc2 | pct | Pco [pm [ Pos [Pm] Po | Pw] os 


Circuitry to provide the programming levels is de- 
pendent primarily on the norma! system usage of the 
three pins. If configured as outputs, the circuit shown 
in Figure 15 may be used; otherwise, three-state buffers 
can be used to provide isolation while programming 
the mode. Note that if diodes are used to program the 
mode, the diode forward voltage drop must not exceed 
the VMPDD minimum. : 


MEMORY MAPS 

The MC68701U4 can provide up to 64K byte address 
space depending on the operating mode. A memory 
map for each operating mode is shown in Figure 16. 
The first 32 locations of each map are reserved for the 
internal register area, as shown in Table 4, with excep- 
tions as indicated. 


FIGURE 14 — MODE PROGRAMMING TIMING 








Mode Inputs 
(P20, P21, P22) 


MODE PROGRAMMING (Refer to Figure 14) 







Mode Programming Hold Time 
RESET Rise Time=1 ps 
RESET Rise Time< 1 ps 





VMPH Min 
VmuMPL Max 


Po haracteristic Symbol | Min | Max | Unit | 
[Mode Programming Input Voltage Low (for Ta=0t0 700) SSCS Ym | - Pt] 
[Mode Programming Input Votage High dC PO] 
Mode Programming Diode Differential (If Diodes are Used) (for Ta =0 to 70°C) 
PRESET Low Pulsewidth dau [80 | — [Cycles 
[Mode Programming Sewp Time SSCS ws 2 Cis 





See Figure 15 


for Diode Arrangement : 
VMPDD 






VMPL 


Mode Latch 
Level 


(P20, P21, P22) = 
7 





— ae 


RESET 










[Vmeoo [os | = |v 













-NOTE: For Ta= —40 to 85°C, Maximum VpypL = 1.7, and Minimum VMPDD =°.4. 


TABLE 3 — MODE SELECTION SUMMARY 





ae 2 ee ce ee 
H H L. 


P22 | P21 | P20 Interrupt Bus 
Mode | PC2 | PC1 | PCO RAM | Vectors Mode Operating Mode 


cad 
ies 
Ee 
— 








Single Chip 


MUX(2, 3) Multiplexed/ Partial Decode 
NMUxX(2, 3) | Non-Multiplexed/ Partial Decode 
ae Undefined'4) 























mux! 1) Multiplexed/RAM 
mMUx(2, 3) Multiplexed/ RAM and EPROM 
Mux(1) Multiplex ed Test/ Programming 





Pat Le Oe 4 =. 
eee es ee ee ee 
en oe Ee ee ae 
aR SSS Se 
EES fs he ae ee oe 
LEGEND 

| — Internal NMUX — Non-Multiplexe 

E — External L-— Logic ‘’0" 

MUX — Multiplexed H —. Logic “1” 


NOTES: 


1. Addresses associated with ports 3 and 4 are considered external iri modes 0, 2, and 3. 

2. Addresses associated with port 3 are considered external in modes 1, 5, and 6. 

3. Port 4 default is user data input; address output is optional by writing to port 4 data direction register. 
4. Mode 4 is a non-user made and should not be used as an operating mode. 

5. Mode 3 has the internal! RAM and internal registers relocated at $DO00-$DOFF. 
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FIGURE -15 — TYPICAL MODE PROGRAMMING CIRCUIT 


Vcc 


NOTES: : . 

1. Mode 0 as shown (switches closed). 

2. R1=10 kilohms (typical). 

3. The RESET time constant is equal to RC: where R 

. is the equivalent parallel resistance of R2 and the 
number of resistors (R1) placed in the circuit by 
closed mode contol switches. 

4. D=1N914, 1N4001 in the 0 to 70°C range 
D=1N270, MBD201 in the — 40 to 85°C range 

5. lf V=Vcc, the R2=50 ohms (typical) to meet Viy 
for the RESET/Vpp pin. V=Vcc is also compatible 
with MC6801U4. The RESET time constant in this 
case is approximately R2 x C. 

6. Switch S1 allows selection of normal (RESET) or 
programming (Vpp) as the input to the RESET/Vpp 
pin. During switching, the input level is held at a 
value determined by a diode (D), resistor (R2) and 
input voltage {V). 

7. While S1 in the “Program” position, RESET should 
not be asserted. 

8. From powerup, RESET must be held low for at 
least trc. The capacitor, C, is shown for concep- 
tual purposes only and is on-the order of 1000 wF 
for the circuit shown. Typically, a buffer with an 

_RC input will be used to drive RESET, eliminating 
the need for the larger capacitor. 

9.. Diode V¢ should not exceed Viyppp min. 








P20 (PCO) 
P21 (PC1) 
P22 (PC2) 
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“Normal” 





$1 


Vpp O-__O-—_&@ 


Cc 
“Program” | 





FIGURE 16 — MEMORY MAPS (Sheet 1 of 3) 


Multiplexed Test/ Program Mode 


™ wv LL Internal 
$001F GY tp Registers MOBETOIU4 O 
External ode 
Memory Space 
Internal 
RAM 


$0040 


External 
Memory Space 


External 


Ti AAA \nterrupt Vectors(2) 
External 
Memory Space 
internal 
EPROM 


NOTES: . 
1) Excludes the following addresses which may be 4) This mode is used to program the on-chip 
used externally: $04, $05, $06, $07, and SOF. EPROM. ; 
2) The interrupt vectors are at $BFFO-SBFFF. 5) Modes 5-7 can be irreversibly entered from 
3) There must be no overlapping of internal and mode 0 by writing to the PCO-PC2 bits.of the 
external memory spaces to avoid driving the, _port 2 data, register. ; 
data bus with more than one device. , 
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Mode 





Multiplexed/ RAM and EPROM 


$000011) YW. internal 
Registers 


Memory Space 
$0040 yen 
Internal 


RAM 


External 
Memory Space 


Internal 
EPROM 


External 
Interrupt Vectors 


1) Excludes the following addresses which may be 
used externally: $04, $06, and $OF. 
2) Internal EPROM addresses $FFFO to $FFFF are not 
- usable. : : 
3) Address lines A8-A15 will not contain addresses 
~ until the data direction register for port 4 has been 
written with “1s” in the appropriate bits. These 
address lines will assert ‘1s’ until made outputs 
by writing the data direction register. 


FIGURE 16 — MEMORY MAPS (Sheet 2 of 3} 


MC68701U4 
Mode 





Multiplexed/ RAM 


$0000(1) Y Y internal 
Yh: Registers 
2001F External 


Memory Space 


$0040 f 
Internal 


RAM 


External 
-Memory Space 


SFFFO External 
SFFFF Interrupt Vectors 


NOTE: 
1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and SOF. 





MC68701U4 
Mode 


Multiplexed/ RAM 


External 
. Memory Space 


Wt late 1, 2) 


External 
Memory Space 


eel 
WMA a 


External 
Memory Space 


External 


SFEFFF Interrupt Vectors 


NOTES: 

1) Relocating the internal registers and the inter- 
nal RAM to high memory allows the processor 
to make use of direct addressing. 

2) Excludes the following addresses which may be 

'» used externally: $D004, $0005, $D006, $D007, 
and $DOOF. 
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Non-Multiplexed/Partial Decode _ 


Internal 
Registers 


Internal 
RAM 


External 
Memory Space 


Internal 
EPROM 


Internal 
Interrupt Vectors 


FIGURE 16 — MEMORY 


OO 


MAPS (Sheet 3 of 3) 
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Mode 





Multiplexed/ Partial! Decode 


$0000!1) Wf. 
eae! 


$001F 


won LU 


NOTES: 


Internal 
Registers 
External 
Memory Space 
Internal 

RAM 


External 
Memory Space 


Internal 
EPROM 
Internal 
Interrupt Vectors 





MC68701U4 
Mode 





Single Chip 


= H/T oc 


Unusable 


WA ee 


Unusable 


internal 
EPROM 


Internal 
Interrupt Vectors 


PNLOZ89DIN 


1) Excludes the following addresses which may be 
not used externally: $04, $06, SOF. 
10S). é 2) Address lines A8-A15 will not contain ad- 


1) Excludes the following addresses which may 
not be used externally: $04, $06, and SOF (no 


dresses until the data direction register for port 
4 has been written with “1s” in the appropriate 
4 has been written with ‘’1s" in the appropriate bits. These address lines will assert ‘’1s’’ until 
bits. These address lines will assert ‘1s’ until made outputs by writing the data direction 
made outputs by writing the data direction register. , 

register. 


2} Address lines AO to A7 will not contain ad- 
"..- dresses until the data direction register for port 
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TABLE 4 — INTERNAL REGISTER AREA 


Port 1 Data Direction Register* * * 



















00 






































Port 2 Data Direction Register* * * 01 
Port 1 Data Register 02 
Port 2 Data Register 03 
Port 3 Data Direction Register* * * 04* 
Port 4 Data Direction Register* * * 06* * 
Port 3 Data Register ~ 06* 
Port 4 Data Register 07* * 
Timer Control and Status Register 08 
Counter (High Byte) 09 
Counter (Low Byte) OA 
Output Compare Register (High Byte) 0B 
Output Compare Register (Low Byte) oc 
Input Capture Register (High Byte) oD 
Input Capture Register (Low Byte) OE 


Port 3 Control and Status Register 
Rate and Mode Control Register 
Transmit/Receive Contro! and Status Register 
Receive Data Register : 
Transmit Data Register 


RAM Control Register : 
Counter Alternate Address (High Byte) 
Counter Alternate Address (Low Byte) 
Timer Control Register 1 
Timer Control Register 2 
Timer Status Register 

Output Compare Register 2 (High Byte) 
Output Compare Register 2 (Low Byte) 
Output Compare Register 3 (High Byte) 
Output Compare Register 3 (Low Byte) 
Input Capture Register 2 (High Byte) 

Input Capture Register 2 (Low Byte) 


















*External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be 
accessed in mode 5 (no !OS) 
**€xternal addresses in modes 0, 2, and 3 


***1=Qutput, 0=Input 


MC68701U4 INTERRUPTS 


The M6801 Family supports two types of interrupt re- 
quests: maskable and non-maskable. A non-maskable inter- 
rupt (NMI) is always recognized and acted upon at the com- 
pletion of the current instruction. Maskable interrupts are 
controlled by the condition code register | bit and by in- 
dividual enable bits. The | bit controls all maskable inter- 
rupts. Of the maskable interrupts, there are two types: IRO1I 
and IRQ2. The programmable timer and serial communica- 
tions interface use an internal [RQ2 interrupt line, as shown 
in the block diagram. External devices and 1S3 use [RO1. An 
iRQ1 interrupt is serviced before IRQ2 if both are pending, 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI generated 
before this load will be remembered by the processor 
and serviced subsequent to the stack pointer load. 


All IRQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca- 
tion. All interrupt vector locations are shown in Table 5. In 
mode 0, reset and interrupt vectors are defined as $BFFO- 
SBFFF. 

The interrupt flowchart is depicted in Figure 17 and is 
common to every interrupt excluding reset. During interrupt 
servicing, the program counter, index register, A ac- 
cumulator, B accumulator, and condition code register are 
pushed to the stack. The | bit is set to inhibit maskable inter- 
rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
program counter and instruction execution is resumed. Inter- 
rupt and RESET timing are illustrated in Figures 18 and 19. 





TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 









BFFC 
BFFA 
BFF 

BFF6 


FFFA 


BFF2 
BFFO 


*TRO2 interrupt 


oO 
oT 
nN 
+ foo) 





wise | ise | mse | ise | 
RESET 
FFF 

BFFs 
Serial Communications Interface* 











Interrupt 










* *NMI must be armed (by accessing stack pointer) before an 


NMi is executed 
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FIGURE 17 — INTERRUPT FLOWCHART 
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MPU 
Write to 


SP SCl= TIE® TORE + RIE@(RORF + ORFE) 


I—*ITMP 1Cl= (ICFI@EICI1) + (ICF20EICI2) 
1-1 OC! = (OCF1eEOCI1) + (OCF2*EOCI2) + (OCF3eEOCI3) 


Y~ Vector — PC 
[_Modeo [Modes 1-357] 90 
BFFC-BFFD | FFFC-FFFO 


BFFA-BFFB | __FFFA-FFFB 
BFF8-BFFO | FFF8-FFF9 


f 





CF | 
OCF : 
TOF 

BrrO-Brri | FFFO-FFF [| _SCiimterut | 


Condition Code Register 


Sci 
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FIGURE 18 — INTERRUPT SEQUENCE 
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=. FIGURE 19 — RESET TIMING 
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FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 

Vcc and Vss provide power to a large portion of the 
MCU. The power supply should provide +5 volts (+ 5%) to 
Vcc and Vss should be tied to ground. Total power dissipa- 
tion (including Vcc standby) will not exceed Pp milliwatts. 


Vcc STANDBY 

Vcc standby provides power to the standby portion ($40 
through $5F) of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de- 
pend on whether the device is in a power-up or power-down 
state. In the power-up state, the power supply should pro- 
vide +5 volts (+5%) and must reach Vsg volts before 
RESET reaches 4.0 volts. During power down, Vcc standby 
must remain above Vspp (minimum) to sustain the standby 
RAM and STBY PWR bit. While in power-down operation, 
the standby current will not exceed IspB. 

It is typical to power both Vcc and Vcc standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc. during 
power-down operation. 


XTAL AND EXTAL 

These two input pins interface either a crystal or TTL- 
compatible clock to the MCU internal clock generator. 
Divide-by-four circuitry is included:which allows use of the 
inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals. 
A 20 pF capacitor should be tied from each crystal pin to 
ground to ensure reliable startup and operation. Alternative- 
ly, EXTAL may be driven by an external TTL-compatible 
clock at 4 fo with a duty cycle of 50% (+5%) with XTAL 
connected ground. 

The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fxTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.. The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 


RESET/Vpp 

This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During.power up, 
RESET must be held below 0.8 volts: (1) at least trc after 
Vcc reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and (2) until Vcc standby 
reaches 4.75 volts. RESET must be held:low at least three E 
cycles if asserted during power-up operation. 

This pin is also used to supply Vpp in mode 0 for program- 
ming the EPROM. xs 





E (ENABLE) 

This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result ‘of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NMi (NON-MASKABLE INTERRUPT) 
An NMi negative edge requests an MCU interrupt se- 
quence, but the current instruction will be completed before 


it responds to the request. The MCU will then begin an inter- 
rupt Sequence. Finally, a vector is fetched from $FFFC and 
$FFFD ($BFFC and $BFFD in mode 0), transferred to the 
program:counter, and instruction execution.is resumed. NMI 
typically requires a 3.3 kQ (nominal) resistor to Vcc. There is 
no internal NMI pullup resistor. NMI must be held low for at 
least one E cycle to be recognized under all conditions. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI generated 


before this load will remain pending by the processor. 


iRQ7 (MASKABLE INTERRUPT REQUEST 1) 

TROT is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU: will complete the cur- 
rent instruction before it responds to the request. if the inter- 
rupt mask bit (I bit) in the condition code register.is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from $FFF8 and $FFF9 ($BFF8 and $BFF9 in mode 0), 
transferred to the program counter, and instruction execu- 
tion is resumed. 

iRQ1 typically requires. an “external 3.3 kQ (nominal) 
resistor to Vcc for wire-OR application. [RQ7 has no internal 
pullup resistor. 


SC1 and SC2 (STROBE CONTROL 1 AND 2) 

The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SC1 AND SC2 IN SINGLE-CHIP MODE — In single-chip 
mode, SC1 and SC2 are configured as an input and output, 
respectively, and both function as port 3 control lines. SC1 
functions as |S3 and can be used to indicate that port 3 input 
data is ready or output data has been accepted. Three op- 
tions associated with IS3 are controlled by the port 3 control 
and status register and are discussed in the port 3 descrip- 
tion; refer to P30-P37 (PORT 3). If unused, IS3 can remain 
unconnected. 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by out- 
put strobe select (OSS) in the port 3 control and status 
register. The strobe is generated by a read (OSS =0) or write 
(OSS = 1) to the port 3 data register. OS3 timing is shown in 
Figure 3. 


SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED 
MODE ~—-In the expanded non-multiplexed mode, both SC1 
and SC2 are configured as outputs. SC1 functions as in- 
put/output select (IOS) and is asserted only when $0100 
through SO1FF is sensed on the internal address ‘bus. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and:E are high. 


SC1 AND SC2 IN EXPANDED MULTIPLEXED MODE — 
In the expanded multiplexed modes, both SC1 and.SC2 are 
configured as outputs. SCt functions as address strobe and 
can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled by address 
Strobe captures the lower address on the negative edge, as 
shown in Figure 13. 


MOTOROLA MICROPROCESSOR DATA 


3-232 © 





MC68701U4 


FIGURE 20 — OSCILLATOR CHARACTERISTICS 


(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters* 


4-6 pF 


0.015 pF 0.025 pF 0.01-0.02 pF 
>40K >3%K >20K 





*NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. : 


MC68701U4 





Cy = 20 pF (typical) 
Equivalent Circuit 


NOTE 
TTL-compatible oscillators may be 
obtained from: 


Motorola Component Products’ 


Attn: Crystal Clock Oscillators 
2553 N. Edgington St. 

Franklin Park, IL 60131 

Tel: 312-451-1000 

Telex: 433-0067 





(b) Oscillator Stabilization Time (tro) 


Vcc 





RES ET 





tRC 
Oscillator 

Stabilization 
Time, tre 
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SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/ write and E are high. 


P10-P17 (PORT 1) 

Port 1 is a mode independent 8-bit |/O- and timer port. 
Each line can be configured as either an input or output as 
defined by the port 1 data direction register. Port 1 bits 0, 1, 
and 2 (P10, P11, and P12) can also be used to exercise one 
input edge function and two output compare functions of 
the timer. The TTL compatible three-state buffers can drive 
one Schottky TTL load and.30 pF, Darlington transistors, or 
CMOS devices using external pullup resistors. It is con- 
figured as a data input port during RESET. Unused pins can 
remain unconnected. 





P20-P24 (PORT 2) 

Port 2 is a modeindependent, 5-bit, multipurpose |/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it is tied to the timer output compare 1 function and can- 
not be used to provide output from the port 2 data register 
unless output enable 1 (OE1) is cleared in timer control 
register 1. 

Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 three-state TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 





PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 
rca [pci [peo [Pm | v2 | pam | rei | reo ] 03 


P30-P37 (PORT 3) 

Port 3 can be configured as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


PORT 3 IN SINGLE-CHIP MODE — Port 3 is an 8-bit I/O 
port in the single-chip mode with each line configured by the 
port 3 data direction register. There are also two lines, IS3 


and OS3, which can be used to control port 3 data transfers. : 


Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 1) port 3 input data can be latched using |S3 (SC1) as 
a control signal, 2) OS3 (SC2) can be generated by either an 
MPU read or write to the port 3 data register, and 3) an IRO1 
interrupt can be enabled by an IS3 negative edge. Port 3 
latch timing is shown in Figure 4. 


PORT 3 CONTROL AND STATUS REGISTER 





Bits 0-2 Not used. 


Latch Enable — This bit controls the input latch for 
port 3. If set, input data is latched by an IS3 
negative edge. The latch is transparent after a read 
of the port 3 data register. Latch enable is cleared 
during reset. 

OSS (Output Strobe Select) — This bit determines 
whether OS3 will be generated by a read or write of 
the port 3.data register. When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. OSS is cleared during reset. 

Not used. 

1S3 IRQi Enable — When set, an {RQ7 interrupt 
will be enabled whenever the IS3 flag is set; when 
clear, the interrupt is inhibited. ‘This bit is cleared 
during reset. 

IS3 Flag — This read-only status bit is set by an IS3 
negative edge. It is cleared by a read of the port 3 
control and status register (with IS3 flag set) 
followed by a read or write to the port 3 data 
register or during reset. 


Bit 3 


Bit 4 


Bit 5 
Bit 6 


Bit 7 


PORT 3 IN EXPANDED NON-MULTIPLEXED MODE — 
Port 3 is configured as a bidirectional data bus (D7-D0) in the 
expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write (SC2). Data is clocked 
by E (enable). 


PORT 3 IN EXPANDED MULTIPLEXED MODE — Port 3 is 
configured as a time multiplexed address (A7-AO) and data 
bus (D7-DO) in the expanded multiplexed mode where ad- 
dress strobe (AS) can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid ad- - 
dress and data to prevent bus.conflicts. 


P40-P47 (PORT 4) 

Port 4 is configured as an 8-bit I/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF, and is the 
only port with internal pullup resistors. Unused lines can re- 
main: unconnected. 


PORT 4 IN SINGLE-CHIP MODE — In single-chip mode, 
port 4 functions as an 8-bit I/O port with each line con- 
figured by the port 4 data direction register. Internal pullup 
resistors allow the port to directly interface with CMOS at 
5-volt levels. External pullup resistors to more than 5 voits, 
however, cannot be used. 


PORT 4 IN EXPANDED NON-MULTIPLEXED MODE — 
Port 4 is configured from reset as an 8-bit input port where 
the port 4 data direction register can be written to provide 
any or ail of eight address lines AO to A7. Internal pullup 


- resistors pull the lines high until the port 4 data direction 


register is configured. 
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PORT 4 IN EXPANDED MULTIPLEXED MODE — in all ex- 
panded multiplexed modes except modes 1 and 6, port 4 
functions as half of the address bus and provides A8 to A15. 
In modes 1 and 6, the port is configured from reset as an 
8-bit parallel input port where the port 4 data direction 
register can. be written to provide any or all of upper address 
lines A8 to A15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured where bit 
0 controls A8. 


RESIDENT MEMORY 


The MC68701U4 has 192 bytes of on-chip RAM and 4096 
bytes of on-chip UV erasable EPROM. This memory is con- 
trolled by four bits in the RAM/EPROM control register. 

Thirty-two bytes of the RAM are powered through the 
Vcc standby pin and are maintainable during VCC power- 
down. This standby portion of the RAM consists of 32 bytes 
located from $40 through $5F. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used, regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM/EPROM control 
register. 


RAM/EPROM CONTROL REGISTER ($14) 

The RAM/EPROM control register includes four bits: 

STBY PWR, RAME, PLC, and PPC. Two of. these bits, 
STBY PWR and RAME, are used to control RAM access and 
determine the adequacy of the standby power source during 
power-down operation. It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down procedure. 
RAME and STBY PWR are read/write bits. 
“The remaining two bits, PLC and PPC, control the opera- 
tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in mode 0. The PLC bit can be writ- 
ten without restriction in mode 0, ‘but operation of the PPC 
bit is controlled by the state of PLC. 

Associated with the EPROM are an 8-bit data latch and a 
16-bit address latch. The data latch is enabled at all times, 
latching each data byte written to the EPROM. The address 
latch is controlled by the PLC bit. 

A description of the RAM/EPROM control register 
follows. 


RAM/EPROM CONTROL REGISTER 


7 6 5 4 3 2 1 0 
STBY 

Eo EI 

BitO Programming Latch Control (PLC). This bit con- 

trols the latch which captures the EPROM address 

to be programmed and whether the PCC bit can be 

cleared. The latch is triggered by an MPU write to a 

location in the EPROM. This bit is set during reset 

and can be cleared only in mode 0. The PLC bit is 
defined as follows: 

PLC=0O—EPROM address latch enabled; EPROM 
address is latched during MPU writes to 
the EPROM. 

PLC=1—EPROM address latch is transparent. 


Bit 1 Programming Power Control (PPC). This bit gates 
power from the RESET/Vpp pin to the EPROM 
programming circuit. PPC is set during reset and 
whenever the PLC bit is set. It can be cleared only if 
operating in mode 0, and if PLC has been previous- 
ly cleared. The PPC bit is defined as follows: 
PPC=0—EPROM programming power (Vpp) 
applied. . 
PPC=1—EPROM programming power (Vpp) is 
not applied. 
Bit 2-5 
Bit 6 


Unused. 

RAM Enable (RAME). This dadiwiie bit can be 
used to remove the entire RAM from the internal 
memory map. RAME is set (enabled) during reset 
provided standby power is available on the positive 
edge of reset. If RAME is clear, any access to a 
RAM address is external. lf RAME is set, the RAM 
is included in the internal map. 

Standby Power (STBY PWR). This bit is a 
read/write status bit which when cleared indicates 
that Vcc standby has decreased sufficiently below 
VsBB (minimum) to make data in the standby 
RAM suspect. It can be set only by software and is 
not affected during reset. ; 


Bit 7 


Note that if PPC and PLC are set, they. cannot be 
simultaneously cleared with a single MPU write. The PLC bit 
must be cleared prior to attempting to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
it is assumed that-Vpp is applied to the: RESET/Vpp pin 
whenever PCC is.clear. If. this is not the case, the result is 
undefined. 


ERASING THE MC68701U4 EPROM 

Ultraviolet erasure will clear all bits of the EPROM to the 
zero state. The MC68701U4 EPROM is programmed by eras- 
ing it to zeros and entering ones into the desired bit loca- 
tions. 

The MC68701U4 EPROM can be erased by exposure to 
high intensity ultraviolet light with a wave length of 2537 
angstroms for a minimum of 30 minutes. The recommended 
integrated dose (ultraviolet intensity times exposure time) is 
15 watts/centimeter. The lamps should be used without 
shortwave filters, the MC68701U4 should be positioned 
about one inch away from the ultraviolet tubes, and the 
transparent lid should not be covered. 

The MC68701U4 transparent lid should always be covered 
after erasing. This protects both the EPROM and light- 
sensitive nodes from accidental exposure to ultraviolet light. 


PROGRAMMING THE MC68701U4 EPROM 

When the MC68701U4 is released from reset in mode 0, a 
vector is fetched from location $BFFE:$BFFF. This provides 
a method for an external program to obtain control of the 
microcomputer with access to every location in the EPROM. 

To program the EPRON, it is necessary to operate the 
MC68701U4 in mode 0 under the control of a program resi- 
dent in external memory which can facilitate loading and pro- 
gramming of the EPROM. After the pattern has been loaded 
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into external memory, the EPROM can be programmed as 
follows: 

a. Apply programing power (Vpp) to the RESET/Vpp 

pin. 

b. Clear the PLC contro! bit and set the PPC bit by writing 
$FE to the RAM/EPROM control register. 

c.. Write data to the next EPROM location to be program- 
med. Triggered by an MPU write to the EPROM, inter- 
nal latches capture both the EPROM address and the 
data byte. 

d. Clear the PPC bit for programming time, top. by writing 
$FC to the RAM/EPROM control register and waiting 
for time, tpp. This step gates the programming power 
(Vpp) from the RESET/Vpp pin to the EPROM which 

_ programs the location. 

e. Repeat steps b through d for each byte to be program- 
med. 

f. Set the PLC and PPC bits by writing $FF to the 
RAM/EPROM control register. 

g. Remove the programming power (Vpp) from the 
RESET/Vpp pin. The EPROM can now be read and 
verified. _ 

Because the erased state of an EPROM Bytes is $00, itis not 
necessary to program a location which is to contain $00. 
Finally, it should be noted that the result of inadvertently 
programming a location more than once is the logical OR of 
the data patterns. 


PROGRAMMABLE TIMER 


The programmable timer can be-used to perform 
measurements on two separate input waveforms while in- 
dependently generating three output waveforms. Pulse 
widths can vary from several microseconds to many 
seconds. A block diagram of the timer is shown in Figure 21. 
COUNTER ($09:0A), ($15, $16) - 

The key timer element is a 16-bit free-running counter 
which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: ‘in mode 0 a write to the 
counter ($09) will preset it to $FFF8. This feature, intended 
for testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. The TOF bit is set 
whenever the counter contains all ones. If ETO is set, an in- 
terrupt will occur when the TOF is set. The counter may also 
be read at $15 and $16 to avoid inadvertently clearing the 
TOF. 


OUTPUT COMPARE REGISTERS (SOB: a 
($1C:1D) 

‘The three output compare sagt are 16- bit read/write 
registers, each used to control an output waveform or. pro- 
vide an arbitrary time-out flag: They are compared with the 
free-running counter during the negative half. of each E cy- 
cle. When’ a match occurs, the corresponding output.com- 
pare flag (OCF) is set and’ the corresponding output level 
(OLVL) is clocked to an output level register. if both the cor- 
responding output enable bit and data direction register bit 
are set, the value represented in the output level register. will 
appear on the corresponding port pin. The appropriate OLVL 
bit can then be changed for the next compare. 

The function is inhibited for one cycle after a write to its 
high byte ($0B, $1A, or $1C) to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
output compare register without affecting the other. byte. 
The OLVL value will be clocked out independently of 


(SEESIB), 


. whether the OCF had previously been cleared. The output 


compare registers are set to $FFFF during reset. 


INPUT CAPTURE REGISTERS ($0D:0E), ($1€:1F) 


The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
“proper” input transition occurs as defined by: the cor- 
responding input edge bit (IEDG1 or IEDG2). The input pin’s 
data direction register should be configured as an input, but 
the edge detect circuit always senses P10 and P20 even 
when. configured as an output. The counter value will be 
latched into the input capture registers on the second 
negative edge of the E. clock following the transition. 

An input capture can occur independently of ICF; the 
register always contains the most current value. Counter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTERS 

Four registers are used to provide the MC68701U4 with 
control and status information about the three output com- 
pare functions, the timer overflow function, and the two in- 
put edge functions of the timer. They are: 

Timer Control and Status Register (TCSR) 

Timer Control Register 1 (TCR1) 

Timer Control Register 2 (TCR2) 

Timer Status Register (TSR) 
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FIGURE 21 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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TIMER CONTROL AND STATUS REGISTER (TCSR) 
($08) — The timer control and status register is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. All the bits in this register are also accessible 
through the two timer control registers and the timer status 
register. The three most significant bits provide the timer 
status and indicate if: 

1. a proper level transition has been detected at P20, 

2. a match has occurred between the free-running 

counter and output compare register 1, or 

3. the free-running counter has overflowed. 

Each of the three events can generate an [RQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER 





Bit 0 Output Level 1 — OLVL1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit in timer con- 
trol register 1 is set. OLVL1 and output level 
register 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 (TCR1) ($17). 


Bit 1 input Edge 1 — JEDG1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1: 
JEDG1=0 transfer on a negative-edge 
IEDG1=1 transfer on a positive-edge 
Refer to TIMER CONTROL REGISTER 1 (TCR1) 
($17). 


Bit 2 Enable Timer Overflow Interrupt — When set, an 
RQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is in- 
hibited.. ETO! is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 3 Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when output 
compare flag 1 is set; when clear, the interrupt is in- 
hibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 4°. Enable Input Capture Interrupt 1 — When set, an 
“TRQ2 interrupt will be generated when input cap- 
ture flag 1 is set; when clear, the interrupt is in- 
hibited. EICI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 5 Timer Overflow Flag — The TOF is set when the 
counter. contains all ones ($FFFF). It is cleared by 
reading the TCSR or the TSR (with TOF set) and 
the counter high byte ($09), or during reset. Refer 
to TIMER STATUS REGISTER (TSR) ($19). 


Bit 6 Output Compare Flag 1 — OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TCSR or 
the TSR (with OCF1 set) and then writing to output 
compare register 1 ($0B or $0C), or during reset. 
Refer to TIMER STATUS REGISTER (TSR) ($19). 


Bit 7 Input Capture Flag — !CF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TCSR or the TSR (with ICF1 set) and 
the input capture register 1 high byte ($OD), or dur- 
ing reset. Refer to TIMER STATUS REGISTER 
(TSR) ($19). 


TIMER CONTROL REGISTER 1 (TCR1) ($17) — Timer 
control register 1 is an 8-bit read/write register which con- 
tains. the control bits for interfacing the output compare and 
input capture registers to the corresponding !/O pins. — 


TIMER CONTROL REGISTER 1 
0 


7 6 5 4 3 2 1 


Bit 0 Output Level 1 — OLVL1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit is set. OLVL1 
and output level register 1 are cleared during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 


Bit 1 Output Level 2 — OLVL2 is clocked to output level 
register 2 by a successful output compare and will. 
appear at P11 if bit 1 of port 1 data direction register 
is set and the OE2 control bit is set. OLVL2 and out- 
put level register 2 are cleared during reset. 


Bit 2 Output Level 3 — OLVL3 is clocked to output level 
register 3 by a successful output compare and will 
appear at P12 if dit 2 of port 1 data direction register 
is set and the OE3 control bit is set. OLVL3 and out- 
put level register 3 are cleared during reset. 


Bit 3 Input Edge 1 — IEDG1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1. 
IEDG1=0 transfer on a negative-edge 
1EDG1 = 1 transfer on a ppsitive-edge 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). ~~ 


Bit 4 Input Edge 2 — IEDG2 is cleared during reset and 
controls which level transition on P10 will trigger a 
_ counter transfer to input Capture register 2. 
IEDG2=0 transfer on a negative-edge 
IEDG2= 1 transfer on a positive-edge 


Bit 5 Output Enable 1 — OE1 is set during reset and 
enables the contents of output level register 1 to be 
connected to P21 when bit 1 of port 2 data direc- 
tion register is set.: 

OE1=0 port 2 bit 1 data register output 
OE1=1 output level register 1 


Bit 6 Output Enable 2 — OE2 is cleared during reset and 
enables the contents of output level register 2 to be 
connected to P11 when bit 1 of port 1 data direc- 
tion register is set. 

OE2=0 port 1 bit 1 data register output 
OE2= 1 output level register 2 
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Bit 7 Output Enable 3 — OE3 is cleared during reset and 
enables the contents of output level register 3 to be 
connected to P12 when bit 2 of port 1 data direc- 
tion register is set 
OE3=0 port 1 bit 2 data register output ~ 


OE3= 1 output level register 3 


TIMER CONTROL REGISTER 2 (TCR2) ($18) — Timer 
control register 2 is an 8-bit read/write register (except bits 0 
and 1) which enable the interrupts associated with the free- 
running counter, the output compare registers, and the input 
capture registers. In test mode 0, two more bits (clock and 
test) are available for checking the timer. 


TIMER CONTROL REGISTER 2 
(Non-Test Modes) 


7 6 5 4 3 2 1 0 
fic [ncn [eocw]eoowfeocnferor [1 [1] + 


Bits 0-1 Read- Only Bits — When read, these bits. return a 
value of 1. Refer to TIMER CONTROL REGISTER 2 
(Test Mode). 


Enable Timer Overflow Interrupt — When set, an 
iRQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is: in- 
hibited. ETO! is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($08). 


Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 1 is set; when clear, the interrupt 
is inhibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($08). 


Enable Output Compare Interrupt 2 — When set, 
an {RQ2 interrupt will be generated when the out- 
put compare flag 2 is set; when clear, the interrupt 
is inhibited. EOCI2 is cleared during reset. 


Bit 2 


Bit 3 


Bit 4 


Bit 5 Enable Output Compare Interrupt 3 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 3 is set; when clear, the interrupt 
is inhibited. EOCI3 is cleared during reset. 

Bit 6 Enable Input Capture Interrupt 1 — When set, an 
IRG2 interrupt will be generated when the input 
capture flag 1 is set; when clear, the interrupt is in- 
hibited. EIC!1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 


(TCSR) ($08). 


Enable Input Capture Interrupt 2 — When set, an 
IRQ2 interrupt will be generated when the input 
capture flag 2 is set; when clear, the interrupt is in- 
hibited. EICI2 is cleared during reset. 


Bit 7 


The timer test bits (test and clock) allow the free-running 
counter to be tested as two séparate 8-bit counters to speed’ 
testing. 


TIMER CONTROL REGISTER 2 
(Test Mode) 


7 6 5 4 3 2 1 0 


“Bit 6 


CLOCK — The CLOCK control bit selects which 
half of the 16-bit free-running counter (MSB or 
LSB) should be clocked with E. The CLOCK bit is a 
read/write bit only in mode 0 and is set during 
reset. 
CLOCK =0 — Only the eight most significant bits 
of the free-running counter run with TEST =0. 
CLOCK = 1 — Only the eight least significant bits 
of the free-running counter run when 
TEST =0. 


TEST — the TEST control bit enables the timer test 
mode. TEST isa read/write bitin mode 0 and is set 
during reset. 

TEST=0 — Timer test mode enabled: 

a) The timer LSB latch is transparent which 
allows the LSB to be read independently 
of the MSB. 

b) Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK 
bit: 

TEST=1 — Timer-test aaoue disabled: 


See TIMER CONTROL REGISTER 2 (Non-Test 
Modes), (These bits function the same as in the 
non-test modes.) 


Bit 0 


Bit 1 


Bits 2-7 


TIMER STATUS REGISTER (TSR) ($19) — The timer 
status register is an 8-bit read-only register which contains 
the flags associated with the free-running counter, the out- 
put compare registers, and the input capture registers. 


TIMER STATUS REGISTER 


7 6 5 4 3 2 1 0 
jer [or [ocr] oora[oor [vor [1 [+] 21 


Bits 0-1 Not used. 
Bit 2 Timer Overflow Flag — The TOF is set when the 
counter contains all ones ($FFFF). \t is cleared by 
reading the TSR or the TCSR {with TOF set) and 
then the counter high byte ($09), or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 3 Output Compare Flag. 1 — OCF1 is set when output 
compare register 1. matches the free-running 
counter. OCF1 is cleared, by reading the TSR or the 
TCSR (with OCF1 set) and then writing to output 
compare register 1 ($OB or $0C), or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 


_Output Compare Flag 2 — OCF2 is set when output 

compare register 2 matches the free-running 
counter. OCF2 is cleared by reading the TSR (with 
OCF2 set) and then writing to output compare 
register 2 ($1A or $18), or during reset. 


Bit 4 


Bit 5 Output Compare Flag 3 — OCF3 is set when output 
compare register 3 matches the free-running 
counter. OCF3 is. cleared by reading the TSR (with 
OCF3 set) and then writing to output compare 


register 3 ($1C or $1D), or during reset. 


Input Capture Flag 1 — ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR or the TCSR (with ICF1 set) and 
the input capture register 1 high byte (SOD), or dur- 
ing reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 
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Bit 7. Input Capture Flag 2 — ICF2 is set to indicate that a 
proper level transition has occurred; it is cleared by read- 
ing the TSR (with ICF2 set) and the input capture register 


2 high byte ($1€), or during reset. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous serial communications interface 
(SCI) is provided with two data formats and a variety of rates. 
The SCI transmitter and receiver are functionally independent 
but use the same data format and bit rate. Serial data formats 
include standard mark/space (NRZ) and bi-phase. Both provide 
one start bit, eight data bits, and one stop bit. “Baud” and “bit 
rate’ are used synonymously in the following description. 


WAKE-UP FEATURE 


In atypical serial loop multiprocessor configuration, the soft- 

- ware protocol will usually identify the addressee(s). at the be- 
ginning of the message. In order to permit uninterested MPUs 
to ignore the remainder of the message, wake-up feature is 
included whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes idle. An SCI 
receiver is re-enabled by an idle string of eleven consecutive 


ones or during reset. Software must provide for the required 
idle string between consecutive messages and prevent it within 
messages. 


PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 
@ Format: standard mark/space (NRZ) or bi-phase 
Clock: external or internal bit rate clock 


Baud: one of eight per E clock frequency or external 
clock (x8 desired baud) 


Wake-Up Feature: enabled or disabled 
Interrupt Requests: enabled individually for transmitter 
and receiver 


Clock Output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS REGISTERS 


The serial communications interface includes four address- 
able registers as depicted in Figure 22. It is controlled by the 
rate and mode contol register and the transmit/receive control 
and status register. Data is transmitted and received utilizing 
a write-only transmit register and a read-only receive register. 
The shift registers are not accessible to software. 


FIGURE 22 — SCI REGISTERS 
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RATE AND MODE CONTROL REGISTER (RMCR) ($10) for P22 is forced to the complement of CCO and 
— The rate and mode control register controls the SCI bit cannot be altered until CC1 is cleared. If CC1 is 
rate, format, clock source, and under certain conditions, the cleared after having been set, its ODR value is 
configuration of P22. The register consists of five write-only unchanged. Table 7 defines the formats, clock 
bits which are cleared during reset. The two least significant source, and use of P22. 
bits in conjunction with bit 7 control the bit rate of the inter- Bits 4-6 Not used. 


nal clock and the remaining two: bits control the format and 


clock source. Bit 7 EBE Enhanced Baud Enable — EBE selects the 


standard MC6801 baud rates when clear and the 


additional baud rates when set (Table 6). This 
RATE AND MODE CONTROL REGISTER bit is cleared by reset and is a write-only control 


7 6 5 4 3 | 0 bit. 
EBE=0 standard MC6801 baud rates 
x x x CC cco 1 
jepe | x | x | x [cer | cco[ ssi SSO} $10 EBE=1 additional baud rates 


If both CC1 and CCO are set, an external TTL-compatible 


Bit 1:BitO SS1:SSO Speed Select — These two bits select clock must be connected to P22 at eight times (8x) the 
the baud when using the internal clock. Eight desired bit rate, but not greater than E, with a duty cycle of 
rates may be selected (in conjunction with bit 7) 50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
which are a function of the MCU input frequen- provided at P22 regardless of the values for TE or RE. 
cy. Table 6 lists bit time and. rates for three 
selected MCU frequencies. NOTE 
Bit 3:Bit 2 CC1:CCO Clock Control and Format Select — The source of SCI internal bit rate clock is the timer 
These two bits control the format and select the free-running counter. An MPU write to the counter in 
serial clock source. If CC1 is set, the DDR value mode 0 can disturb serial operations. : 3 





TABLE 6 — SCI BIT TIMES AND RATES . 
2.4576MHz | 4.0MHz_ | 4.9152 MHz _—s 
614.4 kHz | 1.0MHz | —_—«i1«.2288 MHz 
Baud Baud Time 











> 
o" 
' 










| Baud | Time | 

=76 | 384000 

Po [1] 0 | = 1024 [600.0 
oft tf $4086 [1500 [667 ms [2041] 4.086 ms | 3000] 353m | 
Pa fo fo [=e | e000 Gps | 192000] 52.005 | 
P01 [286 [2000.0 [16-6 ns | 3906.3 | 286 us 
Pa ft fo [sr [1900.0 | 058.3 xs 7400.0 | 416.6 vs | 
Pat [1 Y 2018 [3000] 338 ms | 4883 [205 ms | 600.0 
76600.0 [13.0 ns | 1250000 [80 ns | 1536000] 6.5 ys 





*Using maximum clock rate 


TABLE 7 — SCi FORMAT AND CLOCK SOURCE CONTROL 


Not Used 


Not Used 
[NZ | internat_[ Output _| 
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TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 
(TRCSR) ($11) — The transmit/receive control and status reg- 
ister controls the transmitter, receiver, wake-up feature, and 
two individual interrupts, and monitors the status of serial op- 
erations. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 


TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 
" 3 1 0 


7 6 5 4 3 ; 
Aone [oare [tore [Re | re | te [Te [wo] en 


BitO “Wake-Up on Idle Line — When set, WU enables the 
wake-up function; it is cleared by eleven consecutive 
ones or during reset. WU will not be set if the line is 

_ idle. Refer to WAKE-UP FEATURE. 

Bit 1 Transmit Enable — When set, P24 DDR bit is set, cannot 

be changed, and will remain set if TE is subsequently 

cleared. When TE is changed from clear to set, the trans- 
mitter is connected to P24 and a preamble of nine con- 
secutive ones is transmitted. TE is cleared during reset. 

Transmit Interrupt Enable — When set, an IRQ2 is set; 

when clear, the interrupt is inhibited. TE is cleared during 

reset. 


Bit 2 


Receive Enable — When set, the P23 DDR bit is cleared, 
cannot be changed, and will remain clear if RE is sub- 
sequently cleared. While RE is set, the SCI receiver is 
enabled. RE is cleared during reset. 


Bit 3 


Receiver Interrupt Enable — When set, an IRQ2 interrupt 
is enabled when RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared during reset. 


Bit 4 


Bit5 Transmit Data Register Empty — TDRE is set when the 
transmit data register is transfered to the output serial 


shift register or during reset. It is cleared by reading the: - 


TRCSR (with TDRE set) and then writing to the transmit 
data register. Additional data will be transmitted only if 
TDRE has been cleared. 


Bit 6 Overrun Framing Error — if set, ORFE indicates either 
an overrun or framing error. An overrun is a new byte 
ready to transfer to the receiver data register with RDRF 
still set. A receiver framing error has occurred when the 
stop bit (1) is not found in the tenth bit time. An overrun 
can be distinguished from a framing error by the state 
of RDRF: if RDRF is set, then an overrun has occurred; 
otherwise, a framing error has been detected. Data is 
not transferred to the receive data register in an overrun 
condition. Unframed data causing a framing error is 
transferred to the receive data register. However, sub- 
sequent data transfer is blocked until the framing error 
flag is cleared. ORFE is cleared by reading the TRCSR 
(with ORFE set) then the receive data register, or during 
reset. 


Receive Data Register Full — RDRF is set when the input 
serial shift register is transferred to the receive data reg- 
ister, or during reset. ; 


Bit 7 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the rate 
and mode control register and then to the transmit/receive 
control and status register. When TE is set, the output of the 
transmit serial shift register is connected to P24 and serial 
output is initiated by transmitting a 9-bit preamble of ones. 

At this point, one of two situations exists: 1) if the transmit 
data register is empty (TDRE=1); a continuous string of ones 
will be sent indicating an idle line; or 2) if a byte has been 
written to the transmit data register (TDE =0), it will be trans- 


-ferred to the output serial shift register (synchronized with the 


bit rate clock), TDRE will be set, and transmission will begin. 
' The start bit (0), eight data bits (beginning with bit 0), and a 


‘stop bit (1) will be transmitted. If TDRE is still set when the 


next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start of 
each bit and at half-bit time when a one is sent. Receive op- 


- eration is controlled by RE which configures P23 as an input 


and enables the receiver. SCI data formats are illustrated in 
Figure 23. 


FIGURE 23 — SCI DATA FORMATS 
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INSTRUCTION ‘SET 


The MC68701U4 is directly source compatible with the 
MC6801 and upward source and object code compatible 
with the MC6800. Execution times of key instructions have 
been reduced and several instructions have been added, in- 
cluding a hardware multiply. A list of new operations added 
to the MC6800 instruction set is shown in Table 1. 

In addition, two special opcodes, 4£ and 5E, are provided 
for test purposes. These opcodes force the program counter 


to increment like a 16-bit counter causing address lines used 
in the expanded modes to increment until the device is reset. 
These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing: mode.. The hexadecimal equivalents of 
the binary codes, which resuit from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


TABLE 8 — CPU INSTRUCTION MAP 


MNEM MODE MNEM’ MODE #]OP MNEM MODE MNEM MODE 


DES 
TXS 
PSHA 
PSHB 
PULX 
RTS 
ABX 
RTI 


INHER 


NOP {NHER = 2 


COM 
LSR 
e 

ROR 
ASR 
ASL 
ROL 
DEC 
e 

INC 
TST 
JMP 
CLR 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
s 
EORA 
ADCA 
ORAA 
ADDA 
CPX 
BSR 
LDS 
s 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 


NVNYUNNNNNNWWNNH WwW 


NNNNNNYONH NL 


ND 


ROR 
ASR 


PW WWW WOW WWW WW WW WWW Ww Ww 


BSF RP BN NNNAYNNN 


NOTES 
1. Addressing Modes 
INHER # Inherent 
REL = Relative 


INDXD # Indexed 
EXTND Extended DIR #Direct 


EXTND 
IMMED 





IMMED Immediate 


ed 


MNEM MODE 


SUBB DIR 
CMPB 
SBCB 
ADOD 
ANDB 
BITB 
LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 
LDD 
STD 
LOX 
STX 
SUBB 
CMPB 
SBCB 
ADDD 
. ANDB 
BITB 
LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 
LoD 
STD 
LOX 
STX 
SUBB 
CMPB 
SBCB 
ADDO. 
ANDB 
BITB 
LDAB 
STAB 
EORB- 
ADCB 
ORAB 
ADDB 
LDD 
STD 
LDX 
STX 


CPX 
JSR 
LDS 
STS 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 
CPX 
JSR 
LDS 
STS 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 
CPX 


DIR 


DIR, 
INDXD 


om ® 
Ww 


OODD ® 
WWW WW 


6 
6 
3 
6 
2 
2 
2 
4 
2 
2 
2 


NNN WNHN DY WOW WW 


WO fFNNNND 
WNHWNHNNN 
NNNAFANNNATSHMOHS SF HLAAHAAAAHAAOUAMW AA AA AH HA OQDHAAHRAAMA 


NNN WNYNN WWWWWWWWWWWWWWWWHNNNHNHNNNDYNNNYNNNYNNNN AD 
AANA RRR ER RADAAROINAT AREA A ARERR DEAR APE EWWWWHWWWAW WW 
WWWWWWWWWWWWWWWWNNNNNNNNYNNNNNNYNYNNNNMNNNYNNYNYNNYNNNND LO 


EXTND 


WNHNN NH 
WNNNN 


* UNDEFINED OP CODE ~ 


WWWWWWW WOW WwW Ww 
w 
w 


NNNNNN NNN ND KH 


2. Unassigned opcodes are indicated by “*’’ and should not be executed. 
3. Codes marked by ’’T’’ force the PC to function as a 16-bit counter. 
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PROGRAMMING MODEL 


A programming model for the MC68701U4 is shown in 
Figure 8. Accumulator A can be‘ concatenated with ac- 
cumulator B and jointly referred to as accumulator D where 
Ais the most significant byte. Any operation which modifies 
the double. accumulator will also modify accumulators A 
and/or B. Other registers are defined as follows: 


‘PROGRAM COUNTER — ‘The program counter is a 16-bit 
register which always points. to the next instruction. 


STACK POINTER — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack. resides in 
random-access memory at a location defined by the pro- 
grammer. 


INDEX REGISTER — The index register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. : 


ACCUMULATORS — The MPU contains two 8-bit ac- 
cumulators, A and B, which ‘are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to'as the D (double) accumulator. 


CONDITION CODE REGISTER — The condition code 
register indicates the results of an instruction and includes 
the following five condition bits: negative (N), zero (Z), 
overflow (V), carry/borrow from MSB (C), and half carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (1 bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7, are read as ones. 


ADDRESSING MODES 

Six addressing modes can be used to reference memory. 
A summary of addressing modes for all instructions is 
presented in Tables 9, 10, 11, and 12 where execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz, 
one E cycle is equivalent to one microsecond. A cycle-by- 
cycle description of bus activity for each instruction is pro- 
vided in Table 14 and descriptions of selected instructions 
are shown in Figure 24. 


IMMEDIATE ADDRESSING The operand or “im- 
mediate byte(s)’ is contained in the following byte(s) of the 
instruction where the number of bytes matches the size of 
the register. These are two or three byte instructions. 


DIRECT ADDRESSING = The least significant byte of the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed. to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 
tions, the 256-byte area is reserved for frequently referenced 
data. : ; : 


EXTENDED ADDRESSING — The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions. 


INDEXED ADDRESSING — The unsigned offset con- 
tained in the second byte of the instruction is added with 
carry to the index register and is used to reference memory 
without changing the index register. These are two byte in- 
structions. : 


INHERENT ADDRESSING — The operands) is a register 
and no memory reference is required. These are single byte 
instructions. 


RELATIVE ADDRESSING — Relative addressing is used 
only for branch instructions. If the branch condition is true, 
the program counter is overwritten with the sum of a signed 
single byte displacement in the second byte of the instruc- 
tion and the current program counter. This provides a 
branch range of — 126 to +129 bytes from the first byte of 
the instruction. These are two byte instructions. 


SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information 
present on the address bus,. data bus, and the read/write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 
per instruction. In general, instructions with the same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data bus ex- 
cept in mode 0. ‘’High order’’ byte refers to the most signifi- 


‘cant byte of a 16-bit value. During unused bus cycles, the ad- 


dress bus is forced to $FFFF and R/W is high. 
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 


oes | ome | mt | en 
easel ent Boolean/ [5 ]4{/3{2[1]o| 
Pointer ppecations op] ~ | #] Arithmetic Operation PH{t{Nfz{v]c| 


















oe Poe] [7 
rafecte[s] [| pemmer | + |-[ t/t] tt 
Ferementinaee Regier pox | tT TT T1111 f (elppeiex tre] 
[Decrement Stack Poiner foes} | P| 1.1111. datasheets fe 
mE PP les eae 
nsf PTE LE LLL LL ep ses EP ET 
coed der Regier] wo ees La] be] feels] aes] a] || [ummm Tee eae 
[sn Sacro [os rls] shares Tarlaf eels fot [1 ueeenaermnay [ele TTE fate 
sm] |] prleqzferls|2trpsto] | | mmm on fetta 
srs] ele] atar[s| 2ter[s[e} | | [senshi ime [e [TIT Ro] 
eae BA 
ae ee Oo 
aia AB a 





Push Data an Cy 4 X —Mgp.SP— T=" SP 

(egies CCCP ese PE 

Pull Data PULX SP+1—SP,Msp— Xy 
PLETE srvrcerwsr—e [| YT 


’ TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 


pee ee a ee 
, Accumulator and Inher Boolean 5 [413 [2] 1 {0 | 
Merriory Operations Sot feet fe oof Te foe Teel Expression Hi Iwi z{vic | 





























| Add Accumulators | ABA [| EE EER 
paddstox. BX TT TT TT TT TT feats [i fooe+x—x fe fe Te Too [| 
Advance fancalea|2[2]ea[s[a}asle{2fasfeta| | | [arwac—a | T|- t/t] TIT] 
ocs|cofzfztoelsfafefafatetetsy f Y feswece TT TET 
faooalaa|2|2]ea|3[2fael«|2|eslais{ || jarm—a | t|-|t {ti tit 
faos|cal2(2}oa[s(2fee{a{2|rels[s| | | jem—a __|t|- [P(t itt] 
Add Dobie | Abbb|es}a [3[ 63 efetefot fesfetet fT lowes Pe PTET 
ia 22a ete TAMA (eft | tale | 
Care fanos |o«]2 [2]oe[s [2 fea[«] 2 [Fala [3 | i CACO LECH 
Shift Lett, Arthmetic | ASL | | [| || [esfel2|ele|s | 3 ceca 
: | asia | 
asta TE ee el 
JO 
Shift Right; Arithmetic fasr | | | | {Jez fe [2 |77 {6 [3 | 
Jasral [ TT TT} jt tty 
asre] [TT Te tT 
Bit Test peita [a6 [2 [2] 95.[3 [2 [as [4 | 2 [ps ]4 [3 | 
sits [cs [2 [2[o5[3 | 2 [es [4 | 2 [rs |4 | | 
corpare ecumeates oe eee 
Clear - ee 
ee 
ee poles ecb dG] teed 
P= Serre 
lowe krl2 fo [orfe felev[a tine fo | 
1's Complement peo PET TT os fe fatto 
coma [ebb ef | 
comet | Tt tt pti tt 
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TABLE 10 — ACCUMULATOR AND: MEMORY INSTRUCTIONS (Sheet 2. of 2) 












7 : " Condition Codes 
ee eee 
Memory Operations __[MNEMIOn]~| #[ On] ~[#[On|~|#[On]-[#[On]~[#| Expression Pal tw tz [vic] 
[Becimaradust.a———-foaal || | TT | [|] [1] [l2}t|adpinaysumtosco  |el-[ Stitt, 
Decrement» poec| | [ty feafel2fvayef sy | fT [m-i-em tw to BT EL tL ef 
| poeca] [tt Ty TT 
Exclusive OR ~ * TeoraA] 8a] 2] 2{ 98] 3] 2] gl 
Pees Say > Feonslest a aon st oes 
Increment inc | TTT TT tec! 
ince TT 
inca} | [tt tt 
Load Accumulators LDAA 196] 2] 2] 96] 3{ 2] A6| 
ee eee 
Load Double od 4 2{[ec| 
a 


rc 
g 
rc 


Logical Shift, Left 


Shift Right, Logical 





= 
22) 
2 
> 







_{iseol | | { | | 
[Muttipty eT TCT 
2's Complement (Negate) rnec{ [ [| | [| 











Inecat [ | | | | 
[ness] [| | | | | 
ama 
InclusiveOR: ORAA8 2]AA 
Push Data ea 
Pull Data OS 








rt [satay fstack—B fe fo eo fo fo [e | 
f2{mje{3} | | | par eloi titi t|t | 
TT fetet) f) 4D a eee ae 
T_T feele (1 COs fe Ett 


fotelelst | |] —- =. eleitititit | 
TT ere] COT Ceara 
CE co  [eleltititit| 


Pf | fofatifa-p—ra de Pe ET TT 


Rotate Left 


Rotate Right 





xl» 
O10 
3iD 
aolp 


a 
[o) 
| a 
@ 
inne ae eae 
pole srs de 


Subtract Accumulator 
‘Subtract with. Carry 


Store Accumulators 


Subtract 
Subtract Double. 
Transfer Accumulator 


Test,. Zero or Minus 


The condition code register notes are listed after Table 12. 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 




































ie eee es 
| Operations foe] -[ F] Oo] ~[ [oe] ~| Fon] ~[ F [On] ~| FY 

[Branch Aways ——is AT | | most TT | TTI LY g 

Farench Never pean? || (asta) |} | 11] 114 fete fle 
[Branch W Corry Gear acc} | | Jmfafal | |] T1111] ono i feted fe 
acs| 1] lalate] 1171111 {te eer] 
Parenchif=Zeo Si we] | | [step |} } TT | ee 
ferenchiezero pace} || ectsf2] | |] 111] n@veo [eft fe] 
act] |] fepster 7} 1 11 dew @uco tele} fete fe] 
Faranch thigher | sat || Iatstal |] 11111] jeee-0 Jefe [fee || 
Faranch it Higher or Same [ens | | [mate] | 1 1111] leno |e |e fff] 
Farancnit szero ate? || (rate) [1 11111] (weve Tf [| 
aot tt iat ttt titty te leet p] 
Farench W tower Orsame tes? || sta] 1111111) lent Prt tll 
ferenchit<zeo sp aT | | | (fate; | | T1111) ever [efef[- 
Feranch wwinus Jaw || [osfa[at | |] |]. 

[eranch ifNot EqualZero ane} | | [afal2] | 111111] [zo o 
Faranch'itOvertow Clear eve} || a[sl2y || 11111] jo Te [eff pe] 
Feranchri"Overtiow Set_ evs} || falst2] |} | 111 ]] par Pe Perle] 
a | [1 yealste] | TT neo ed 
Ferench To Subroutine ese} || jeief2] || | 11111 

a C2 eee 

isa_[sofs}2] [| [aole|2feo[e [>| | |] ~” 

[No Operation ___——SiOPYT {| | Tt | 

Frew From imerupe tas | |} 1 1111111 1 pefolr] 

PRetumn From Subroutine Ars | || 111] 1. 

Software interupt 2 

wat TPT it tre tt bebe te 


TABLE 12 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 


Condition Code Register 











\ 
Operations | MNEM | 
Clear Overflow j 
xa 
Em ES Ea 
sev_| 08 | 2 | ee ae 
Tap] 06 [2 | FERESRSRSED 
TPA rete dete Te 


LEGEND ; CONDITION CODE SYMBOLS — 
Op Operation Code (Hexadecimal) Half-carry from bit 3 
~ Number of MPU Cycles Interrupt mask 
Msp. Contents of memory location pointed to by Stack Pointer Negative (sign bit) 


H 
| 
N 
# Number of Program Bytes Z Zero (byte) 
+ Arithmetic Plus V_ Overflow, 2's complement 
— Arithmetic Minus C Carry/Borrow from MSB 
® Boolean AND R Reset Always 
X Arithmetic Multiply S Set Always 
+ Boolean Inclusive OR t Affected 
@ Boolean Exclusive OR e Not Affected 
M Complement of M 
~~» Transfer Into 
0 Bit=Zero 
00 Byte=Zero 


MOTOROLA MICROPROCESSOR DATA 
3-247 


MC68701U4 


TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES 


ADDRESSING MODE : ; _ ADDRESSING MODE 









Immediate 
Extended 
Relative 


g 
= 
ao) 
® 
vit 
Uf 


an ee 
2 q 
@ @ 
7 ss 
Ww £ 
e eo. 
e e 
4 4 
4 4 
a ee 6 
4 4 
6 6 









Indexed 


pe gunenfeeweees: as 


es 
e 
o 
> 
o 
£ 
© 















SOSOS ON WIN OOO OWN 













NN OS &wWw @ 






@@OCCn CC C08 C88 eHr 





TERRE REE ERI ee 












WE AWWHNH BNIA@ANKNYNND SO 


OWWNHNNNNN 


OnheOeD EDD 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Address Mode and Cycle R/W 
instructions Cyclexy # Address Bus Line Data Bus : , 


IMMEDIATE 





Opcode Address 
Opcode Address + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


Opcode Address 
'Opcode Address + 1 
Opcode Address + 2 
Address Bus FFFF 


Opcode Address 
Opcode ‘Address + 1. 
Address of Operand 


Opcode Address 

Opcode Address + 1 
Destination Address 
Opcode Address 

Opcode Address + 1 
Address of Operand 
Operand Address + 1 


Opcode Address 
Opcode Address+ 1 
Address of Operand 
Address of Operand+ 1 


‘Opcode Address 
Opcode Address +. 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 

Stack Pointer—1 


Opcode 
Operand Data 


Opcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode : 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 





Opcode 
Address of Operand 
Operand Data 


Opcode 

Destination Address 

Data from Accumulator 
Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Address of Operand ; 
Register Data (High Order Byte) 
Register Data (Low Order Byte) 
Opcode ; 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





3 7 1 
a 
3 

3 1 
2 
3. 

4 {1 
2 
3 
4 

4/1 

2 
3 
4 
1 
2 
3 
4 
5 

5 | 1 
2 
3 
4 
5 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5} 


Cycle R/W| 5 y=. 
# Address Bus’ Line _ Data Bus : 


Opcode Address Opcode 
Opcode Address + 1 Jump Address (High Order Byte) 
Opcode Address+ 2 Jump Address (Low Order Byte) 
Opcode Address Opcode 
Opcode Address + 1 Address of Operand 

Opcode Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data 












Address Mode and | 
Instructions Cycles 


EXTENDED 






















Ez 




















Opcode Address 
Opcode Address + 1 
Opcode' Address + 2 
Operand Destination Address 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand+ 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of .Operand + 1 
Opcode Address 
Opcode Address + 1 
Opcode Address+ 2 
Address ‘of Operand 
Address Bus FFFF 
Address of Operand 


Opcode Address 
Opcode Address +, 1 
‘Opcode Address + 2 
Operand Address 

Operand Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer—1 


Opcode 
Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
-Data from Accumulator 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) . 

Operand Data (Low Order Byte) 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 
Opcode : 

Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode ; 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





























































*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


Address Mode and Cycle R/W mee ta 
instructions Cycles] # Address Bus Line Data Bus’ : 





INDEXED 


PWNY HfOND = 


1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4. 
5 
6 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset+ 1 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset +1 


Opcode Address 

Opcode: Address + 1 
Address Bus. FFFF 

index Register Plus Offset 
Address Bus FFFF 

Index Register Plus Offset 


Opcode. Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
index Register + Offset + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address +1 
Address Bus FFFF 
index Register + Offset 
Stack Pointer 

Stack Pointer — 1 


Opcode 
Offset 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 

Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset ; 
Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector. 
New Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FEFF. 
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TABLE .14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Aduress Bus Line Data Bus ioe 


INHERENT 






































Opcode Address 
Opcode Address + 1 


Opcode 
Opcode of Next Instruction 























Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 

Previous Stack Pointer Contents 
Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Opcode Address 

Opcode Address + 1 

Stack Pointer 

Opcode Address: 

Opcode Address + 1 

Stack Pointer 

Opcode Address 

Opcode Address+ 1 

Address Bus FFFF 

Opcode Address 

Opcode Address + 1 

Stack Pointer 

Stack Pointer+ 1 


1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 4 
1 Opcode Address 
2 
3. 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Opcode 
Irrelevant Data 

Low Byte of Restart Vector 
Opcode | 
Irrelevant Data . 

Low Byte of Restart Vector 




























‘Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next. Instruction 
Low Byte of Restart Vector 
Opcode 
Opcode of Next Instruction 
Accumulator Data 
Opcode 
Opcode of Next Instruction 
Irrelevant Data 
Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
‘Opcode of Next Instruction 
Irrelevant Data 
Operand Data from Stack 
Opcode 
Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Opcode 
Irrelevant Data 

Irrelevant Data 

Index Register (High Order Byte) 
Index Register (Low Order Byte) 
Opcode 
Irrelevant Data 

Irrelevant Data 

Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 
Opcode 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 




















































Opcode Address + 1 
Stack Pointer 
Stack Pointer—~1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer+ 1 
Stack Pointer+2 
Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Stack Pointer+ 1 
Stack Pointer+2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer—1 
Stack Pointer—2 
Stack Pointer—3 
Stack Pointer—4 
Stack Pointer —5 
Stack Pointer—6 
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INHERENT (Continued) 
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Opcode Address 


Opcode Address+ 1 


Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 


Opcode Address + 1 


Stack Pointer 

Stack Pointer+ 1 
Stack Pointer+ 2 
Stack Pointer+3 
Stack Pointer+4 
Stack Pointer+5 
Stack Pointer +6 
Stack Pointer +7 


Opcode Address 


Opcode Address + 1 


Stack Pointer 

Stack Pointer —1 
Stack Pointer —2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer—5 
Stack Pointer—6 
Stack Pointer—7 


Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 


Opcode Address 


Opcode Address + 1 
Address Buss FFFF 


Opcode Address 


Opcode Address + 1 


Address Bus FFFF 


MC68701U4 


Subroutine Starting Address 


Stack Pointer 
Stack Pointer —1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
Wil 
1 


R/W 


Line 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle ; 
Instructions Cycles} # Address Bus 


Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

Irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode 

Irrelevant Data 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 

index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Condition Code Register 
Irrelevant Data 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


Opcode 
Branch Offset 
Low Byte of Restart Vector 


Opcode 

Branch Offset 

Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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JSR, Jump to Subroutine 


PC 
Direct 
RTN 
PC 
INDXD 
RTN 
Pc 
EXTND 
RTN 


BSR, Branch To Subroutine 


RTS, Return from Subroutine 
PC 


Legend: 


Main Program 


$9D= JSR 


K = Direct Address 


Main Program 


$AD=JSR 
K = Offset 







Main Program 











Main Program 


$8D= BSR 










Subroutine 


P 
$39= RTS SP 









. SP 

> sp-2 
SP-1 

SP 


li 


— > SP+2 


FIGURE 24 — SPECIAL OPERATIONS 


Stack 


RTNH 
RTNL 


Stack 


RTNL 


RTNH 


Stack .. 


RTNH 


RTNL 


RTN= Address of next instruction in Main Program to be executed upon return from subroutine 
RTNy= Most significant byte of Return Address 
RTN, = Least significant byte of Return Address 
—> = Stack Pointer After Execution 


K=8-bit Unsigned Value 





SWI, Software Interrupt 
a PC 
RTN 


- WAI, Wait for Interrupt 
7). —~ Pe 
RTN 


RTI, Return from Interrupt 


JMP, Jump 
PC 


INDXO 


X+K 


$6E= JMP 


Next Instruction 


ease 


“” Main Program - 


- .$3E=WAI 


Interrupt Program 


PC $3B = RTI 


= 


Extended 


K 
















Paw 






Stack a 
ee] 
| AcmitrA | A : 


. Main Program 


_ $7E= JMP 
KH = Next Address 
KL = Next Address 























Next Instruction 
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ORDERING INFORMATION 


GENERIC INFORMATION 
(Ta =0° to'70°C) 


| Generic Number! | 


MC68701U4S 
MC68701U4S-1 





* PIN ASSIGNMENTS 





MOTOROLA MICROPROCESSOR DATA 
3-255 - 





MOTOROLA 
es SEMICONDUCTOR EE ee a ee 
MC6802 


Microprocessor With Clock 
and Optional RAM 


The MC6802 is a monolithic 8-bit microprocessor that contains all the registers and accumulators 
of the present MC6800 plus an internal clock oscillator and driver on the same chip. In addition, the 
MC6802 has 128 bytes of on-board RAM located at hex addresses $0000 to $007F. The first 32 bytes 
of RAM, at hex addresses $0000 to $001F, may be retained in.a low power mode by utilizing Vcc 
standby; thus, facilitating memory retention during a power-down situation. 

The MC6802 is completely software compatible with the MC6800 as well as the entire M6800 
family of parts. Hence, the MC6802 is expandable to 64K words. 


@ On-Chip Clock Circuit 








@ 128x8 Bit On-Chip RAM 
@ 32 Bytes of RAM are Retainable 
@ Software-Compatible with the MC6800 
@ Expandable to 64K Words 
@ Standard TTL-Compatible Inputs and Outputs 
@ 8-Bit Word Size 
@ 16-Bit Memory Addressing 
@ Interrupt Capability 
TYPICAL MICROCOMPUTER 
Vcc Vcc Vcc Vcc 
O O " O O 
Peteh a MC6846 This block diagram shows a typical cost ef- 
dA ROM, I/O, Timer fective microcomputer. The MPU is the 
RESET center of the microcomputer system and is 
shown in a minimum system interfacing with 
2 k Bytes ROM a ROM combination chip. It is not intended 
10 1/0 Lines that this system be limited to this function 
Parallel 3 Lines Timer but that it be expandable with other parts in 
1/0 the M6800 Microcomputer family. 
Control { 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS ' 









This input contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum rated voltages to this high-impedance 
circuit. Reliability of operation is enhanced if 
unused inputs are tied. to an appropriate logic 
voltage level (e.g., either Vgs or Vcc). 


Symbol] Valve [Uni] 
vec [03% +70 v | 


Vcc Vv 
Vin Vv. 
Operating Temperature Range Ta °C 
MC6802, MC680A02, MC680B02 Oto +70 
J °C 


Rating 
Supply Voltage 







MC6802C, MC680A02C ; —40 to +85 


Storage Temperature Range — 55 to +150 Ee 


THERMAL CHARACTERISTICS 


[__Charactersic ‘(Symbol Value [Unit 


Average Thermal Resistance (Junction to Ambient) 
Plastic 8JA °C/W 






POWER CONSIDERATIONS. 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Tat(Ppeya) (1) 
where: ss wey 

TA = Ambient Temperature, °C 
OA = Package Thermal Resistance, Junction-to-Ambient, “CAV 

PD = Pintt+Pport 
“Pint =!ecXVec, Watts — Chip Internal Power 


PporT = Port Power Dissipation, Watts — User Determined 


For most applications PeoRtT<Pinz and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. - : i 

An approximate relationship between Pp and T; (if Pport is neglected) is: ~ 2 

| Pp=K-+(Tj+273°C) : | 2) 
Solving equations (1) and (2) for K gives: ae : 
K=Pp *(Tat+273°C)+0yasPp? (3) 

where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 
equilibrium) for a known Ta. Using this value of K, the values of Pp and Ty can be obtained by solving equations (1) 
and (2) iteratively for any value of Ty. 
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DOC ELECTRICAL CHARACTERISTICS (Vpp= +5.0 Vdc+0.5%, Vsg =0, Ta =0 to 70°C, unless otherwise noted) - 
ae ree. oe ae ee 
Input High’ Voltage Logic; EXTAL|. Vin Vsg+2.0 Voc 
: RESET| ~~ Ves+4.0 
Input Low Voltage _ : Logic, EXTAL, RESET Vss-0.3] —  |Vgg+08 
‘Input Leakage Current (Vj; =0 to 5.25 V, Vpp = max) Logic ae aa ee ee ae 
eS VOH 
(ILoad= —205 pA, Vcc=min) __ . DO-D7 
(ILoad= — 145 pA, Vcc = min) A0-A15, R/W, VMA, E 
Vol 
Cin 


















Vcc 





Output High Voltage 





(ILoad= — 100 pA, Vcc=min) BA E 


1.0" | 
Output Low Voltage (ILoad= 1.6 mA, Vcc = min) ik. {Vor |. a te Vsst0.4 
Internal Power Dissipation (Measured at Ta =0°C) PINT z= 0.750 
4.0 | 5.25 | V 
. 5.25 |. 
Pe fe] el 


Vpp Standby Power Down VSBB 
Power Up VsB 4.75 
*In power-down mode, maximum power dissipation is less than 42 mW. 


#Capacitances are periodically sampled rather than 100% tested. : 





Standby Current __IspB | — | 


Capacitance # DO0-D7 
(Vin=0, Ta =25°C, f= 1.0 MHz) Logic Inputs, EXTAL 
A0-A15, RW, VMA 













CONTROL TIMING (Vcc=5.0 V +5%, Vgg=0, TA=TL to TH), unless otherwise noted) 
Frequency of Operation | MHz_| 
Crystal Frequency | §XTAL | 8.0 | MHz | 


External Oscillator Frequency 4xfo 
Crystal Oscillator Start Up Time tre 


Processor Controls (HALT, MR, RE, RESET, IRQ NMI)’ — - 
Processor Control Setup Time 

Processor Control Rise and Fail Time 

(Does Not Apply to RESET) 
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BUS TIMING CHARACTERISTICS 


1 


| Min | 
yietine Sse | 10 


Pulse Wath igh 
fattest pata tat tse 
Pee ee a 


piso] 
| 2 | 
ae 
ae 
pe 
(BM elected TI td 
tav2 270 
| 8 | 
| 9 
i 
| 29 


[Read Data Setup Time | ts | 100 | — | 70 | — | oo | — | ns | 
eaten lee ae 
i a aaa a2 


Write Data Hold Time* 
‘Usable Access Time (see Note 4) 


*Address and data hold times are periodically tested rather than 100% tested. 





FIGURE 2 — BUS TIMING 


R/W, Address 
(Non-Muxed) 


Read Data MPU Read Data Non-Muxed 


ae Braeraee, 


Write Data 
Non-Muxed 





NOTES: 

1. Voltage levels shown are V,_<0.4 V, V}y2=2.4 V; unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 

3. Usable access time is computed by: 12+3+4-17. 

4. If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board 
RAM, TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be 
executed from on-board RAM when using A and B parts (MC68A02, MC68B02). On-board RAM can be used for data storage 
with all parts. 

5. All electrical and control characteristics are referenced from: TL, =0°C minimum and TH=70°C maximum. 
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FIGURE 3 — BUS TIMING TEST LOAD 


4.78 V 







RL =2.2 ka 


C=130 pF for DO-D7,E __ Test Point ; mm ae 
=90 pF for AO-A15, R/W, and VMA 
=30 pF for BA c 

R=11.7 kf for DO-D7,E __ MMD7000 
= 16.5 kQ for AO-A15, R/W, and VMA or Equiv. 


= 24 kf for BA 


FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING 

























































FIGURE 5 — TYPICAL READ/WRITE, VMA AND 
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 



























600 
IQH =-205 pA max @24V loH =-145 pA max @ 2.4 V 
OL Ais max @0.4V ' lot = 1.6 mA max@0.4V 
cc: 5. 500F Vcc =5.0V 
Ta = 25°C Ta = 25°C _ 
= 2 400 
E g ae 
= = Lm 
: a oe ee 
> 
% % oe ee ee ee 
WwW = 
0 100 200 300 400 500 600 0 100 200 300 400 500 600 
Ci, LOAD CAPACITANCE (pF) Ci, LOAD CAPACITANCE (pF) 
FIGURE 6 — EXPANDED BLOCK DIAGRAM 
A15 Al4 Ai3 A12 All A10 AQ AB AT AB AS A4: AB A2 At AO 
Output Output ; 
Buffers Bufters 
er 
Control RAM Enable 
! 
| 
32 Bytes Vcc Standby 
SS 1 
| 
Memory Ready ! 
Enable J UG i SSS ra | 
RESET ‘Program Program 
“ Non-Maskable Interrupt (NMI) Clock Counter |, Counter , 
HALT Instruction 
Interrupt Request (IRQ) Decode Stack Stack 
and Pointer Pointer 
EXTAL Control : 
XTAL Index Index 
Bus Available Register 1, Register _ 
Valid Memory Address ‘ : 
Read/Write (R/W) Accumulator 
: r A 
Instruction | Accumulator 
Register B 
Condition 
ode 
Register 
a 
Vec=Pin 8 Data 
Vgg=Pins 1, 21 Buffer ALY 


D7 D6 DS D4 D3 O02 D1 00 


a a a a a 
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MPU REGISTERS 


A general block diagram of the MC6802 is shown in 
Figure 1. As shown, the number and configuration of 
the registers are the same as for the MC6800. The 128 x 8- 
bit RAM* has been. added to the basic MPU. The first 
32 bytes can be retained during powerup and power- 
down conditions via the RE signal. 

The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 7). 


PROGRAM COUNTER 


The program conter is a two byte (16-bit) register that 
points to the current program address. 


STACK POINTER 


The stack pointer is a two byte register that contains 
the address of the next available location in an external 
pushdown/pop-up stack. This stack is normally a ran- 
dom access read/write memory that may have any lo- 
cation (address) that is convenient. In those applications 
that require storage of information in the stack when 
power is lost, the stack must be non-volatile. 


INDEX REGISTER 


The index register is a two byte register that is used 
to store data or a 16-bit memory address for the indexed 
mode of memory addressing. 


ACCUMULATORS 


The MPU contains two 8-bit accumulators that are 
used to hold operands-and results from an arithmetic 
logic unit (ALU). 


CONDITION CODE REGISTER 


The condition code register indicates the results of an 
Arithmetic Logic Unit operation: Negative (N), Zero (Z), 
Overflow (V), Carry from bit 7 (C), and Half Carry from 
bit 3 (H). These bits of the Condition Code Register are 
used as testable conditions for the conditional branch 
instructions. Bit 4 is the interrupt mask bit (I). The un- 
used bits of the Condition Code Register (b6 and b7) 
are ones. 

Figure 8 shows the order of saving the microproces- 
sor status within the stack. 


*If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, 
TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed 
from on-board RAM when using A and B parts (MC68A02 and MC68B02). On-board RAM can be used for data storage with ail 


parts. “ 


FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 


: io} 


Program Counter 


eee ee 
15. O 





Condition Codes 


vic Register 


Carry (From Bit:7) 
Overflow 

Zero 

Negative 

Interrupt 


Half Carry (From Bit 3) 
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FIGURE 8 — SAVING THE STATUS ‘OF THE MICROPROCESSOR IN THE STACK 


SP = Stack Pointer : e 
CC = Condition Codes (Also calted the Processor Status By 

ACCB = Accumulator 8 
ACCA = Accumulator A 

(XH = Index Register, Higher Order 8 Bits 

(XL = Index Register, Lower Order 8 Bits 

PCH = Program.Counter, Higher Order 8 Bits 

PCL = Program Counter; Lower Order 8 Bits 


te) 





1 at f 


1 


3333333 333 
fe es les! be ate igh OO 


Stack 


Before 





_ MPU SIGNAL DESCRIPTION 


Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific func- 
tions and that other signal lines be monitored to determine 
the state of the processor. These control and timing signals 
are similar to those of the MC6800 except that TSC, DBE, 
¢1, @2 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added: 

RAM Enable (RE) 

Crystal Connections EXTAL and XTAL 

Memory Ready (MR) 

Vcc Standby 

Enable #2 Output (E) 


The following is a summary of the MPU signals: 


ADDRESS: BUS (A0-A15) 


Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90 pF. These 
lines do not have three-state capability. 


DATA BUS (DO-D7) 


Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and. peripheral 
devices. It also has. three-state output buffers capable of 
driving one standard TTL load and 130 pF. 

Data bus will be in the output mode when the internal 
RAM is accessed and RE will be high. This prohibits external 
data entering the MPU. It should be noted that the internal 
RAM is fully decoded from $0000 to $007F. External RAM at 
. $0000 to $007F must be disabled when internal RAM is ac 
cessed. oS 


HALT 

When this input is in the low state, all activity in the 
machine will be halted. This input is level sensitive. In the 
HALT mode, the machine will stop at the end of an instruc- 


tion, bus available will be at a high state, valid memory ad- 
dress will be at a low state. The address bus will display the 
address of the next instruction. 

To ensure single instruction operation, transition of 
the HALT line must occur tpcs before the rising edge 
of E and the HALT line must go high for one clock cycle. 

HALT should be tied ‘high if not. used. This is good 
engineering design practice in general and necessary to en- 
sure proper operation of the part. 





READ/WRITE (R/W) 


This TTL-compatible output signals the peripherals and 
memory devices whether the MPU is in a read (high) or write 
(low) state. The normal standby state of this signal is read 
(high). When the processor is halted, it will be in the read 
state. This output is capable of driving one standard TTL 
load and 90 pF. 


_ VALID MEMORY. ADDRESS (VMA) 


This output indicates to peripheral devices that there is a 
valid address on the address bus. in normal operation, this 
signal should be utilized for enabling peripheral interfaces 
such as the PIA and ACIA. This signal is not three-state. One 
standard TTL load and 90 pF may be directly driven by this 
active high signal. 


BUS AVAILABLE (BA) — The bus available signal will nor- 
mally be in the low state; when activated, it will go to the 
high state indicating that the microprocessor has stopped 
and that the address bus is available (but not in a three-state 
condition). This will occur if the HALT line is in the low state 
or the processor is in the WAIT state as a result of the execu- 
tion of a WAIT instruction. At such time, all three-state out- 
put drivers will go to their off-state and other outputs to their 
normally inactive level. The processor is removed from the 
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WAIT state: by the occurrence of a maskable (mask bit | =0) 
or nonmaskable interrupt. This output is capable of driving 
one standard TTL load and 30 pF. 


INTERRUPT REQUEST (IRQ) 


A low level on this input requests that an interrupt se- 
quence be generated within the machine. The processor will 
wait until it completes the current instruction that is being 
excuted before it recognizes the request. At that time, if the 
interrupt mask bit in the condition code register is not set, 
the machine will begin an interrupt sequence. The index 
register, program counter, accumulators, and condition 
code register are stored away on the stack. Next the MPU 
will respond to the interrupt request by setting the interrupt 
mask bit high.so that no further interrupts may occur. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFF8 and $FFF9 is loaded which 
causes the MPU to branch to an interrupt routine in memory. 

The HALT line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while HALT 
is low. 

A nominal 3 kQ pullup resistor to Vcc should be used for 
wire-OR and optimum control of interrupts. [RQ may be tied 
directly to Vcc if not used. 








RESET 


This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is low, the 
MPU is inactive and the information in the registers will be 
lost. If a high level is detected on the input, this will signal 


the MPU to begin the restart sequence. This will start eXxeCu- . 


tion of a routine to initialize the processor from its reset con- 
dition. All the higher order. address lines will be forced high. 
For the restart, the last two ($FFFE, $FFFF) locations in 
memory will be used to load the program that is addressed 
by.the program counter. During the restart routine, the inter- 
rupt mask bit is set and must be reset before the MPU can be 
interrupted by IRQ.. Power-up and reset timing and power- 
down sequences are shown in Figures 9 and 10, respectively. 

RESET, when brought.low, must be held low at least three 
clock cycles. This allows adequate time to respond internally 
to the reset. This is independent of the trc power-up reset 
that is required. 

When RESET is released it must-go through the low-to- 
high threshold without bouncing, oscillating, or otherwise 
Causing. an. erroneous reset (less than three clock cycles). 
This may cause improper MPU operation until the next valid 
reset. - = fe 


NON-MASKABLE INTERRUPT (NMI) 


A low-going edge on this input requests that a non- 
maskable interrupt sequence be generated within the pro- 
cessor. As with the interrupt request signal, the processor 
will complete the current instruction that is being executed 
before it recognizes the NMI signal. The interrupt mask bit in 
the condition code register has no effect on NMI. 

The index register, program counter, accumulators, and 
condition code registers are stored away on the stack. At the 
end of the cycle, a 16-bit vectoring address which is located 


“in memory locations $FFFC and $FFFD is loaded causing the 
MPU to branch to an interrupt Service routine in memory. 


A nominal 3 kQ pullup resistor to Vcc should be used for 
wire-OR and optimum control of interrupts. NMI may be tied 


FIGURE 9 — POWER-UP AND RESET TIMING 


Vcc 





RE 


tPCr 


NOTE: If option 1 is chosen, RESET and RE pins can be tied together. 









Option 1 
(See Note Below) 


pa Et 


Option 2 
(See Figure 10 for 
Power-down Condition) 


tPCf 
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directly to Vcc if not used. F FIGURE 10 — POWER-DOWN SEQUENCE 
Inputs [RO and NMI are hardware interrupt lines that are 
sampled when E is high and will start the interrupt routine on 
a low E following the. completion. of an instruction. 
Figure 11 is a flowchart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 1 


gives the memory map for interrupt vectors. 


TABLE 1 — MEMORY MAP FOR 
INTERRUPT VECTORS 


Tee 
| Ms | ts | sia 


FIGURE 11 — MPU FLOWCHART 















Start Sequence 


SFFFE, SFFFF 







Machine 
on Halt 












Execute 
Interrupt Routine 


Fetch Instruction 


Execute 
Instruction 
















NMI TRO 
$FFFC SFFF8 
$FFFD SFFFO 
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FIGURE 12 —. CRYSTAL SPECIFICATIONS 


a ae ee 
[amte | ieer | 18 pF] 












Nominal Crystai Parameters* 


[| | 3semHz [| 40MHz | 6.0MHz | 8.0MHz | 
rs{ oa | soa | soson | 20a | 
0.026 pF 
Pay >a | >2K [>a | >2K | 


“These are representative AT-cut parallel resonance crystal parameters only. 
Crystals of other types of cuts may also be used. 






Figure 13 — SUGGESTED PC BOARD LAYOUT 


Example of Board Design Using the Crystal Oscillator 


LLG), 










E Signal is Wired Apart from 38 Pin 
and 39 Pin 
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FIGURE 14 — MEMORY READY SYNCHRONIZATION 







Axfo 
Oscillator 








Memory Ready 
Generated from 
CS Logic 


SN74LS74 


FIGURE 15 — MR NEGATIVE SETUP TIME REQUIREMENT 





E Clock Stretch 





The E clock will be stretched at end of E high of the cycle during which MR negative meets the tpcs setup time. The tpcs setup time is 
referenced to the fall of E. If the tpcs setup time is not met, E will be stretched at the end of the next E-high % cycle. E will be stretched in in- 
tegral multiples of % cycles. 


Resuming E Clocking 


Stretched E 





MR 





The E clock will resume normal operation at the end of the % cycle during which MR assertion meets the tpcs setup time. The tpcs setup time _ 
is referenced to transitions of E were it not stretched. If tpcs setup time is not met, -E will fall at the second possible transition time after MR is 
asserted. There is no direct means of determining when the tpcs references occur, unless the synchronizing circuit of Figure 14 is used. 
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RAM ENABLE (RE) 


ATTL- -compatible RAM enable input controls the on-’ 


chip RAM of the MC6802. When placed in the high state, 
the on-chip memory is enabled to respond to the MPU 


controls. In the low state, RAM is disabled. This pin may © 


also be utilized to disable reading and writing the on- 
chip RAM during a powerdown situation. RAM Enable 
must be low three cycles before Vcc goes below 4.75 
V during powerdown. RE should be tied to the correct 
high or low state if not used. 


EXTAL AND XTAL 


These inputs are used for the internal oscillator that may 
be crystal controlled. These connections are for a parallel 
resonant fundamental crystal (see Figure 12). (AT-cut.) A 
divide-by-four circuit has been added so a 4 MHz crystal may 
be used in lieu of a 1 MHz crystal for a more cost-effective 
system. An example of the crystal circuit layout is shown in 
Figure 13. Pin 39 may be driven externally by a TTL input 
signal four times the required E clock frequency. Pin 38 is to 
be grounded. “ 

An RC network is not directly usable as a frequency 
source on pins 38 and 39. An RC network'‘type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the on-chip oscillator. 

LC networks are not recommended to be used in place of 
the crystal. 


If an external clock is used, it may. not be halted for 
more than tpwoL. The MC6802 is a dynamic part except 
for the internal RAM, and requires the external clock to 
retain information. 


MEMORY READY (MR) 


MR is a TTL-compatible input signal controlling the stret- 
ching of E. Use of MR requires synchronization with the 4xfo 
signal, as shown in Figure 14. When MR is high, -E will be in 
normal operation. When MR is low, E will be stretched in- 
tegral numbers of half periods, thus allowing interface to 
slow memories. Memory Ready timing is shown in Figure 15. 

MR should be tied high (connected directly to Vcc) if not 
used. This is necessary to ensure proper operation of the 
part. A maximum stretch is teyc. 


ENABLE (E) 


This pin supplies the clock for the MPU and the rest of the 
system. This is a single-phase, TT-compatible clock. This 
clock may be conditioned by a memory read signal. This is 
equivalent to @2 on the MC6800. This output is capable of 
driving one standard TTL load and 130 pF. 


Vcc STANDBY 


This pin supplies the dc voltage to the first 32 bytes 
of RAM as well as the RAM Enable (RE) control logic. 
Thus, retention of data in this portion of the RAM ona 
power-up, power-down, or standby condition is guar- 
anteed. Maximum current drain at Vgg maximum is 
ISBB- 


MPU INSTRUCTION SET 


The instruction set has 72 different instructions. Included 
are binary and decimal arithmetic, logical; shift, rotate, load, 
store, conditional or unconditional branch, interrupt and 
stack manipulation instructions (Tables 2 through 6). The in- 
Struction set is the same as that for the MC6800. 


MPU ADDRESSING MODES 


There are seven address modes that can be used by a pro- 
grammer, with the addressing mode a function of both the 
type of instruction and the coding within the instruction. A 
summary of the addressing modes for a particular instruction 
can be found in Table 7 along with the associated instruction 
execution time that is given in machine cycles. With a bus 
frequency of 1 MHz, these times would be microseconds... 


ACCUMULATOR (ACCX) ADDRESSING 


In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions: 


IMMEDIATE ADDRESSING 


In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which 
have the operand in the second. and third bytes of the in- 
struction. The MPU addresses this location when it fetches 
the immediate instruction for execution. These are two- or 
three-byte instructions. 


. DIRECT ADDRESSING 


In direct addressing, the address of the operand is contain- 
ed in the second byte of the instruction. Direct addressing 
allows the user to directly address the lowest 256 bytes in the 
machine, i.e., locations zero through 265. Enhanced execu- 
tion times are achieved by storing data in these locations. In 
most configurations, it should be a random-access memory. 
These are two-byte instructions. 


EXTENDED ADDRESSING 


In extended addressing, the address contained in the se- 
cond byte of the instruction is used as the higher eight bits of 
the address of the operand. The third byte of the instruction 
is used as the lower eight bits of the address for the operand. 
This is an absolute address in memory. These are three-byte 
instructions. 


INDEXED ADDRESSING 


In indexed addressing, the address contained in the se- 
cond byte of the instruction is added to the index register’s 
lowest eight bits in the MPU. The carry is then added to the 
higher order eight bits of the index register. This result is 
then used to address memory. The modified address is held 
in a temporary address register so there is no change to the 
index register. These are two-byte instructions. 
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IMPLIED ADDRESSING 


In the implied addressing mode, the instruction gives the 
address (i.e., stack pointer, index register, etc.): These are 


one-byte instructions. 


RELATIVE ADDRESSING . 
In relative addressing, the address contained in the second - 





ABA Add Accumulators Clear PUL ‘Pull Data 
ADC Add-with Carry CLV Clear Overflow ROL Rotate Left 
nes a CMP = Compare ROR __ Rotate Right 
OFCACA: . COM = Complement RTI Return from Interrupt 
ASL Arithmetic Shift Left CPX Compare Index Register RIS- . icatunn hones toeuh 
ASR __ Arithmetic Shift Right OAK |. Decirnal Adidel Ee eS SUetoeinee 
BCC _ Branch if Carry Clear DEC _ Decrement ees eee 
BCS Branch if Carry Set DES Decrement Stack Pointer SEC eA oo wey 
BEQ _Branch if Equal to Zero DEX — Decrement Index Register Sey S ieruntaiace 
BGE Branch if Greater or Equal Zero, gop Exchusive OR ey Sa One 
BGT. _ Branch if Greater than Zero ° so aeve, TA =e Som 
BH) Branch Higher INC nermen oe 
BIT Bit Test INS Increment Stack Pointer STX Store Index Aidala 
BLE Branch if Less or Equal INX Increment Index Register SUB Subtract 9 
BLS Branch if Lower or Same Naso SWI Son a 
BLT _ Branch if Less than Zero J ump oftware. Interrupt 
BMI Branch if Minus JSR Jump to Subroutine TAB Transfer Accumulators 
BNE Branch if Not Equal to Zero LDA Load Accumulator TAP Transfer Accumulators to Condition Code Reg. 
BPL Branch if Pius LOS Load Stack Pointer TBA Transfer Accumulators 
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. to Accumulator 
BSR —_—_— Branch to Subroutine. __ LSR Logical Shift Right TST Test 
BVC Branch if Overflow Clear NEG Neaate TSX Transfer Stack Pointer to Index Register 
BVS Branch if Overfiow Set NOP No Opetétich TXS _ Transfer Index Register to Stack Pointer 
ae rela .ORA Inclusive OR Accumulator WA) Wait for Interrupt 
CLI Clear Interrupt Mask PSH Push Data 


MC6802 


byte of the instruction is added to the program counter’s. 


lowest eight.bits plus two. The carry or borrow is then added 
to the high eight bits. This allows the user to address data . 


within a range of — 125 to + 129 bytes of the present instruc- 
tion. These are two-byte instructions. 


TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE 


CLR 
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS 




































































; ADDRESSING MODES BOOLEAN/ARITHMETIC OPERATION COND. CODE REG. 
; [_mmeo | oimecr | iwoex | exrwo | imerieo | (Alt cegister tabets fe{3|2{y To | 
“OPERATIONS MNEMONIC lop ~ =[or ~ =[or ~ =| a Seren BRGOo 
‘Aud aDDA | 38 2 2/98 3 2}/Aa8 5 2/88 4 3 (| ASM =A : ; tleirjrtr}t 
AO00B cB 2 «624508 3 2/€8 § 2); FB 4 3 B+M -B -{tfeyrytpry 
Add Acmitrs ABA 1B 2 1 A+B-A tlegrprerit 
Add with Carry ADCA 88 2 2/99 3 2/)/A9 5 2)88 4 3 A+M+C -A tyeprptitnt 
ADCB co 2 2709 3 2/€8 5&5 2)F9 4 3 B+M+C -B tyejrityrts 
. | And ANOA 84 2 2'94 3 2/A4 5 2)84 4 3 A-M-A e@ejeltiti rie 
; ANDB c4 2 2/04 3 2/64 5 2/ Fs 4 3 BM 8 ejeititjrie 
Bit Test BITA 8 2 2)95 3 2/)A5 & 2/85 4 3 A-M eleltitirie 
BITB c5 2 2/05 3 2)€5 5 2)F5 4 3 BoM eesti tirie 
Clear cLR 6F 7 2/7F 6 3 00 --M elelRisiriR 
CLRA 4F 2 4 00--A @l@IRISIRIR 
CLRB $F 2 1 00 -8 @leiRIS|RIR 
Compare CMPA 81 2 2791 3 2) A1 5 2] 81 4 3 A-M @reytytyryt 
cMPB. } C1. 20 2/01 3 2) €1 5 2); FI 4 3 B-M @leytii)tyt 
Compare Acmltrs CBA mWo2 st} ARB @loriyty tit 
Complement, 1's com 63 7 2/73 6 3 A -M @fef/ty tris 
COMA 432 4 A-A @jest tires 
COMB 53 2 1/8 -B eleliitRis 
Complement, 2's NEG 60 7? 27/70 6 3 00-M-M ele tl Ha® 
(Negate! NEGA 40 2 11] O0-A-A ejelt]1|O@ 
NEGB A 50 2 1 | 00-8 -B eel th iiae@ 
Decimal Adjust, A DAA 19 2 ~«#«4 Converts Binary Add. of BCD Characters | @J@}t}t} t@ 
: . into BCD Format 
Decrement : DEC 6A 7. 2)7A.6 3 M-1-M eleitit@e 
° DECA ; 4A 2 PF] A-1 A elelt|:@e 
at DECB : 5A 2.1) 8-1-8 eyelt te 
‘| Exclusive OR EORA 88 2 2/98 3 2/A8 5 2/88 4&4 3 : A@M -A @lesti ti rie 
: EQRB c8 2 2)08 3 2)€8 5 2)]F8 4 3 B@M --B eleltitirie 
Increment INC 6c 7 2}7C 6 3 M+t--M elelt/1Gyrel 
‘ INCA 4C 2 1] Att -a: eleltiteye 
INCB 5c 2 1} B+1-B eel tiG@e 
Load Acmitr ‘ LOAA 86 2 2})96 3 2); A6 5 2) 86 -4 3 M-A : @efe;liiyRie@ 
LDAB C6 2 2/06 3 2/66 5 2/ FE 4 3 M -B @leliltirie 
Or, Inclusive ORAA 8A 2 219A 3 2/AA 5 2180.4 3 A+M -A e@jel: ti rile 
/ orAB | CA 2 2/0A 3 2/EA 5 2]/FA 4 3 B+M -B ejotitinie,: 
Push Data | PSHA 36 4 1 | A -Msp,SP.1 SP elelelelelo 
PSHB : 37, 4 «1 -) B -Mgp, SP. 4 + SP elelelelele 
Pull Data PULA 32.4 «41 SP +1 -SP,Mgp -A eleleleleje 
- : PULB ' 3304 «41 SP +1 +SP,Msp -B @lelelelele 
Rotate Left ROL 69 7 2/79 6 3 M - e@le;1/ti@t 
/ pote wn &} Co cermmerp| clot | fal 
_ ROL® 59 2 1/8 c b7 ~ 0 ejeri | ti@t 
Rotate Right ROR 66 7 2/76 6 3 M : e@eje;ty tit 
RORA a 2 1) a} Co +oconm olor 1i@yt 
RORB 56 2 1/8 Cc 87 = «60 ejelt] tie 
Shift Left, Arithmetic ASL 68 7 2) 78 6 3 M = elelt) soy 
ASLA are 48 2 1) A oO - atoD-0 eet ®t. 
2 ASLB ; ; 5 2 1} 8) “€  b7 b0 oferty ti@ 
Shift Right, Arithmetic ASR 6/2 2477 6 3 M : _ eles t tie: 
ASRA 47,21 ayCapoorp - a efor ie 
ASRB 57 2 118 7 bo c efertyti@ery 
Shift Right, Logic {SR . 64 7 2/74 6 .3 M -- ejelR| ti@ t} 
LSRA 44 2 TIA 09-OLOD - oO elelRit i 
LSRB $4 2 1 4B}: by. . Oe efelR a) 
Store Acimitr STAA 97 4 2) A7 6 2;87 5 3 AM @leliit)Rie 
STAB 07 4° #2|€7 6 2/)F7 5 3 BM @lelti ttre 
Subtract SUBA 80 2 2; 96 3 2; A0 5 2; 80 4 3 A M-A @leliytyirfy 
SUBB co 2 2;00 3 2) €0 5 2)f0 4 3 B-M--B @leyii ty ryt 
Subtract Acmltrs. SBA W 2 1TLA-B°A @yeyri ty ty t 
Subtr. with Carry SBCA 82 2 2) 92 3 2%) A2 & 2) 82 A-M-C-A @lestyipiyt 
$BCB C2 2 #2302 3 #21;6&2 5 2) F2 4 3 B-M-C -B @je;ty tpt 
Transfer Acmitrs TAB 1% 2 s'il A-B ejellit] Rie 
TBA 7? 2 ~«Yt BrA elelift] rie 
Test, Zero or Minus TST 60 7 2)70 6 3 M -00 e@elellit)ayRr 
TSTA 40 2 #1 A-00 @je; lpi] RyR 
TST8 50 2 #1 B - 00 @je;t/t]RiR 
[2] vic | 
LEGEND: F CONDITION CODE SYMBOLS: 
OP Operation Code (Hexadecimal): + Boolean Inclusive OR; 
~ Number of MPU Cycles: ® Boolean Exctusive OR: Half-carry from bit 3: 
= Number of Pragram Bytes; a Complement of M; Interrupt mask 
+ Arithmetic Plus; *. Transfer tnto: Negative (sign bit) 
- Arithmetic Minus: 0 Bit = Zero: Zero (byte) 
Boolean AND; 00 = Byte = Zero: Overflow, 2’s complement 


Carry from bit 7 

Reset Always 

Set Always 

Test and set if true, cleared otherwise 
Not Affected 


Msp Contents of memory iocation pointed to be Stack Pointer: 


Note — Accumulator addressing mode instructions are included in the column for IMPLIED addressing 


e@e-YDOANCNZ- = 


; ; 
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TABLE 4 — INDEX REGISTER AND. STACK MANIPULATION INSTRUCTIONS 


COND. CODE REG. 


[wweo Tovmecr [ “woex [exrwo [ wwueo ] 


POINTER OPERATIONS - 


Compare tndex Keg : 9c} 4 Xy- MX. - (M40) 
Decrement Index Reg : ‘ X-1-°X 

Decrement Stack Pntr | _ SP 1-+SP 
Increment Index Reg : : Xt) eX 


Increment Stack Pntr : SP+1 +SP 

Load Index Reg mt . M XH (Med) Xp 
Load Stack Ptr’. M-°SPq, (M+ 1) = SPy 
Store Index Reg ; XH oM. Xp (M41 
Store Stack Pntr oan ke y : SPH -*M, SPL (M+ 1) 
sndx Reg * Stack Pntr : X-.1 -SP 

Stack Pntr + indx Reg SP+#1°°X 





@eeeeseeeaeeeo7es8 8 
eermunwrrmreeeeoe 











TABLE 5 — JUMP AND BRANCH INSTRUCTIONS 


(revarive [_woex | _extwo | wen _] 


OPERATIONS ~ MNEMONIC ose op| ~| =|.oe| ~| =| or] ~ | =] | BRANCH TEST 
Branch Always None i. 
Branch If Carry. Clear c=0 

Branch If Carry Set e 8 , C=1 

Branch If = Zero 2=1 

Branch If > Zero N@v=0 

Branch If > Zero : Z+(N@ V)=0 
Branch tf Higher ‘ C+2=0 

Branch If < Zero Z+(N@V)=1 
Branch if Lower Or Same. : C+Z=1 

Branch If < Zero : N@v=t 

Branch If Minus . 

Branch If Not Equal Zero 

Branch If Overflow Clear | 

Branch If Overflow Set ; 

Branch If Plus “t : 

Branch To Subroutine ‘ 
Jump : ; See Special Operations 
Jump To Subroutine R (Figure 16) 


COND. CODE REG. 








@orerrpeetrpetrrarpttft fb fb 
eeoeoeveevevnevenenen0e20e00e080080 
@eeeeaeeeooevoevoesee enon ee8e% @ 
eeeveveveveevneevenee00e 08800 


No Operation Advances Prog. Cntr. Only 
Return From interrupt 
Return From Subroutine 
Software Interrupt 

‘Wait for Interrupt © 


© cca neces en Oc ea au 





See Specia! Operations 
(Figure 16) 
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SPECIAL OPERATIONS 
JSR, JUMP TO SUBROUTINE: 
PC _Main Program 
n 
art [x= otter | > 
.ne2_ [Next Main Instr. | 


*K = 8-Bit Unsigned Vaiue 


INDXD 


PC Main Program 











EXTND 





BSR, BRANCH TO SUBROUTINE: 
PC __ Main Program 





n 
n+1 } + K= Offset® 
n+2 [Next Main Instr. | 


*K = 7-Bit Signed Value; 






JMP, JUMP: 
PC —— Main Program 
n.| GE = JMP 
inoxo 4°"*! : 


: 
X+K | Next Instruction 


RTS, RETURN FROM SUBROUTINE: 
PC Subroutine 
S:} 39= RATS” c> 


RTI, RETURN FROM INTERRUPT:.- 


PC Interrupt Program 


ep 
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FIGURE 16 — SPECIAL OPERATIONS . 


PC Subroutine 
INX + K 





(n+ 2] 4 and [n+ 2], Form n+2 ; 
gp Stack eC 


Subroutine 
~ se-2{ s 
sp—1 | [n+3]H nee 





SP Line 3i (S Formed From Sy and S,) 


— = Stack Pointer After Execution. 


Subroutine 







n+24K 






n+2 Formed From [n+ 2] y and In + 2) 7. 





PC Main Program 
n 7E = JMP 





n+1 Ky = Next Address 
EXTENDED n+2 [K, = Next Address 
sp Stack PC Main Program 
sf] 
set yd Eee al 
~ $P+2 
Sp Stack PC Main Program 





op ene) 

SP +1 
sP+2 [| AcmirB 
SP +3 
SP +4 
ar 
SP +6 
~ 0 


n Next Main Instr. 











TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 


OPERATIONS 


Clear Carry 

Clear Interrupt Mask 
Clear Overflow 

Set Carry 

Set interrupt Mask 
Set Overtlow 
Acmitr A + CCR 
CCR > Acmitr A 


CONDITION CODE REGISTER NOTES: 


MNEMONIC 





COND. CODE REG. 


oc 

















(Bit set if test is true and cleared otherwise} 


{Bit V) Test: Result = 100000007 7 (Bit N} Test: Sign bit of most significant (MS) byte = 1? 
(BitC) Test: Result # 00000000? 8 (Bit V) Test: 2's complement overflow from subtraction of MS bytes? 
(Bit C) Test: Decimal value of most significant BCD Character greater than nine? 9 (Bit N) Test: Result less than zero? {Bit.15 = 1) 
(Not cleared if previously set.) 10 (All) Load Condition Code Register from Stack. (See Special Operations) 
(Bit V) Test: Operand = 10000000 prior to execution? 11 (Bit!) Set when interrupt occurs. If previously set, a Non-Maskable 
{Bit V) Test: Operand = 01111111 prior to execution? Interrupt is required to exit the wait state. 
(Bit V) Test: Set equal to result of N@C after shift has occurred. 12. (AND Set according to the contents of Accumulator A. 
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 


(Times in Machine Cycle) 


paijdusy 
Pexapu) 
pepuaix3 
331Q 
arerpewusy 
xo0V 


(puesadgo jeng) 


aanelay 
parjdus| 
Ppaxapu; 
paepuax 
311g 
aeipawus| 
x00” 


(puesedg jeng) 


etree e eee enoevs eel nnennneeceeVnnnn esran 
~ © eTONNOORR emneernnrnreoeeeneeeeworrneeoeeoeeenreee 
oe ernnayrnnwowoerdr eenwecert eoonootreeeveooeen 
eeoeoenoomvetreoeeneeeoeeseoeenmeeesnnne eoeeeoeestst eee 
ewmevauenmMmMesnenegeeoeevneneeeoeeeeneeeeee ee @ 
N@weeeeeaenneceeanneeveenveeeeeoeeeeeeeene @ @ 
Pad x x =< Pad 

Qa a = mes 

Pet CE Eee ee EEE EEL eee 
eeoevo5vovrdeererrv errr r rT OTT eee eee eeeoeeee 
Neeeeeeeeeeeneeeeeeeeeeennneneoevoenevye 
ennmnnrneeeeoeeeneeeeeoeeoeereeoeeeoer-ennroen @ @w 
ervvrvrowoeeeeoeeeesvreseseeeeoeeeeeteeeeaenewronen eer 
emMmnMmmoeeeeeeeenereeeeoeneeseeeseesenmevyveet 2% 
ONNN@O OPP BeOenNneeeeeseeeeeeoveesre@enemeeoee en 
@eeeenneseeeeeseeeseeeeeeoeeesoeenrssoenrsenesee 
x «KK x bad x 
SELLE PE CEE EP TEST T ECELCEELEEEr ret 





Interrupt trme is 12 cycles from the end of 


NOTE 


the instruction being executed, except following 


a WAI instruction. Then it ts 4 cycles 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 8 provides.a detailed description of the information as the control program is executed. The information is 
present on the address bus, data bus, valid memory address categorized in groups according to addressing modes and 
line (VMA), and the read/write line (R/W) during each cycle number of cycles per instruction. (In general, instructions 
for each instruction. with the same addressing mode and number of cycles ex- 

This information is useful in comparing actual with ex- ecute in the same manner; exceptions are indicated in the 
pected results during debug of both software and hardware table.) 


TABLE 8 — OPERATIONS SUMMARY 


Address Mode Cycle | VMA R/W 
and Instructions Cycles # | Line Address Bus Line Data Bus 


IMMEDIATE 


ays EOR Op Code Address Op Code 
ARs bee ; Op Code Address + 1 Operand Data 
BIT SBC i 

CMP SUB 





Op Code Address Op Code 
Op Code Address + 1 Operand Data (High Order Byte) 
Op Code Address + 2 Operand Data (Low Order Byte) 





DIRECT 

Op Code Address Py F Op Code 

Op Code Address + 1 Address of Operand 
Address of Operand Operand Data 


wid 


Op Code Address Op Code 

Op Code Address + 1 Address of Operand 

Address of Operand Operand Data (High Order Byte) 
Operand Address + 1 Operand Data (Low Order Byte) 
Op Code Address : Op Code 

Op Code Address + 1 Destination Address 

Destination Address : Irrelevant Data (Note 1) 
Destination Address Data from Accumulator 

Op Code Address Op Code 

Op Code Address + 1 Address of Operand 

Address of Operand Irrelevant Data (Note 1) 
Address of Operand Register Data (High Order Byte) 
Address of Operand + 1 Register Data (Low Order Byte) 


Of WN AR WN ALA WN. 





INDEXED 






















Op Code Address _ 
Op Code Address + 1 
Index Register 





Op Code 
Offset 
Irrelevant Data (Note 1) 









JmMe 










Irrelevant Data (Note 1} 
Op Code 
Offset 

Irrelevant Data (Note 1) 


index Register Plus Offset (w/o Carry) 
Op Code Address 
Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Pius Offset 
Op Code Address 
Op Code Address + 1 

Index Register ; 

Index Register Plus Offset (w/o Carry) 
Index Register Pius Offset 
Index Register Pius Offset + 1 










Irrelevant Data (Note 1) 










Operand Data 
Op Code 
Offset 

Irrelevant Data (Note 1) 









irrelevant Data (Note 1) ; 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 





On WN AH(N PB WN HIB WN = 
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INDEXED (Continued) 
STA , 


EXTENDED 


MC6802 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 

Index Register Plus Offset 

Op Code Address 

Op Code Adaress + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Pius Offset 

Index Register Plus Offset 

Index Register Plus Offset 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset + 1 

Op Code Address 

Op Code Address + 1 

Index Register 


. Stack Pointer 


Stack Pointer ~ 1 

Stack Pointer — 2 

Index Register 

Index Register Plus Offset (w/o Carry) 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 
Op Code Address 

Op Code Adaress + 1 
Op Code Address + 2 
Operand Destination Address 


Operand Destination Addres 
Op Code Address ; 
Op Code Address + 1 , 
Op Code Address + 2 


Address of Operand 
Address of Operand 
Address of Operand 
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED) 


Address Mode Cycle }VMA R/W sa 
and Instructions Cycles # {Line ; Address Bus Line ; Data Bus: : 


MOTOROLA MICROPROCESSOR DATA 





Op Code 


_ Offset 


Irrelevant Data (Note 1} 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Operand Data 

Op Code 

Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Current Operand Data 
Irrelevant Data (Note 1) 
New Operand Data (Note 3) 


Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 

Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
irrelevant Data (Note 1) 


Op Code 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Op Code 

Destination Address (High Order Syte) 
Destination Address (Low Order Byte) 
trretevant Data (Note 1} 

Data from Accumulator 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 3) 
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED) 


Address Mode Cycle |VMA 
and Instructions # Line 


EXTENDED (Continued) _ 





INHERENT 


“~oo}-32 42 = = = 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Address Bus 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand + 1 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 

Op Code Address + 2 
Op Code Address + 2 


‘Op Code Address 


Op Code Address + 1 


Op Code Address 

Op Code Address + 1 
Previous Register Contents 
New Register Contents 

Op Code Address 

Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 


Op Code Address 


Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

New Index Register 


. Op Code Address 


Op Code Address + 1 
Index Register 

New Stack Pointer 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


Stack Pointer + 2 


: “4 
1 
1 
1 
1 
ae? 
1 


Se]. omen | 
Line 
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Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Op Code 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1} 

Irrelevant Data (Note 1) 

Address of Subroutine (Low Order Byte} 


Op Code 
Op Code of Next Instruction 


Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Op Code 

Op Code of Next instruction 
Accumulator Data 
Accumulator Data 

Op Code 


’ Op Code of Next Instruction 


Irrelevant Data (Note 1) 
Operand Data from Stack 
Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Op Code 


_Op Code of Next Instruction 


Irrelevant Data 
Irrelevant Data 

Op Code 

Irrelevant Data (Note 2) 
irretevant Data (Note 1) 


Address of Next Instruction (High 
Order Byte) 


Address of Next Instruction (Low 





“Order Byte) 
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED) 


Address Mode ld VMA R/W 
and Instructions Cycles Line Address Bus Line 


INHERENT (Continued) 


















| 


Op Code 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator 8 
Contents of Cond. Code Register 
Op Code 
Irrelevant Data (Note 2) 
Irrelevant Data (Note 1) 


Contents of Cond. Code Register from 
Stack 


Contents of Accumulator B from Stack 


Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 












































PWN [0 DONA TAAWHN = 


Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer + 4 





ao a 


Contents of Accumulator A from Stack 


Index Register from Stack (High Order 
Byte) : 


Index Register from Stack (Low.Order 
Byte) 


Next Instruction Address from Stack 
(High Order Byte) 


Next Instruction Address from Stack 
(Low Order Byte) 


Op Code 
trreievant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 





Stack Pointer +5 


Stack Pointer + 6 


Stack Pointer + 7 









Op Code Address 
Op Code Address + 1 
Stack Pointer 





Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer ~ 4 
Stack Pointer — 5 
Stack Pointer — 6 
Stack Pointer — 7 
Vector Address FFFA (Hex) 








Contents of Accumulator B 





oOoOmOn Ada WN = 








Contents of Cond. Code Register 
Irrelevant Data (Note 1) 


Address of Subroutine (High Order 
Byte) 


Address of Subroutine (Low Order 
Byte) 


= Oa a a we Soa 


_- = 
—- © 





_ 
LS) 


Vector Address FFFB (Hex) 


RELATIVE 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Branch Address 

Op Code Address 

Op Code Address + 1 

Return Address of Main Program 


Op Code 

Branch Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Op Code 

Branch Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 


Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Return Address of Main Program 
Subroutine Address (Note 4) _ 


Irrelevant Data {Note 1) 


~-+e0-2- +e 


ooocr +07 — 


1 
2 
3 
4 
5 
6 
7 
8 





Irrelevant Data (Note 1} 


NOTES: 
1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high-impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 

. Data is ignored by the MPU. 

. For TST, VMA=0 and Operand data does not change. 

4. MS Byte of Address Bus= MS Byte of Address of BSR instruction and LS Byte of Address Bus=LS Byte of Sub-Routine Address. 


W DN 


MOTOROLA MICROPROCESSOR DATA 
3-276 





MC6802 


MECHANICAL DATA AND ORDERING INFORMATION 


ORDERING INFORMATION 


Package Type reesneney MHz Order Number 


Plastic 
P Suffix 


0°C to 70°C 

- 40°C to +85°C 
0°C to 70°C 

- 40°C to +85°C 
0°C to 70°C 


0°C to 70°C 
—40°C to +85°C 

0°C to 70°C 
—40°C to +85°C 

0°C to 70°C 


Cerdip 
S Suffix 





MC6802P 
MC6802CP 
MC68A02P 
MC68A02CP 
MC68B02P. 


MC6802S 
MC6802CS 
MC68A02S 
MC68A02CS 
MC68B02S 


PIN ASSIGNMENT 


RESET 
HALT EXTAL 
MR XTAL - 
iRO E 
VMA RE 
NMI Vcc Standby 
BA R/W 
Vcc Do 
AO Di 
Al D2 
A2 D3 
A3 D4 
A4 | D5 
AS D6 
AG D7 
A7 A15 
A8 Al4 
AQ A13 
A10 A12 
A11 Vss 
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Technical Summary — | 
8-Bit Microcomputer Unit 


MC6804J1 HMOS (high-density NMOS) microcomputer unit (MCU) is a member of the M6804 
Family of serial processing microcomputers. This device displays all the versatility of an MCU 
whose design-ability to process 8-bit variables one bit.at a time already makes it tremendously cost 
effective. : ' 

This technical summary contains limited information on the MC6804J1. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers (MC6804J1/D):. orto the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804P2 MCU are: 


@ On-Chip Clock Generator ® True Bit Manipulation 

@ Memory Mapped I/O e Bit Test and Branch Instruction 

© Software Programmable 8-Bit Timer with © 304 Bytes Self-Check ROM 
7-Bit Prescaler @ Conditional Branches 

@ Single Instruction Memory Examine/ @ Timer Pin is Software Programmable as 
Change Clock Input or Timmer Output 

@ 30 Bytes of Data RAM @ 504 Bytes of User Program Space ROM 

e User Selectable Constant Current Pullup Devices available on LSTTL and Open-Drain Interface 
Ports , 





@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 


BLOCK DIAGRAM 


; XTAL EXTAL —-- RESET MDS id 
TIMER PRESCALER | carmen 3 
TIMER/STATUS 

CONTROL REGISTER OSCILLATOR 


ACCUMULATOR 
A 
INDIRECT => 
REGISTER X 















CPU 
CONTROL 







PAG ss 
io A DIR. ec DATA } PORT pag iB 
LINES PAS REG. | REG. . DIR. B PB4 1/0 
STACK REG. | REG. PB5 LINES 
PBE 
ue PROGRAM say 
COUNTER 
504 x 8 PROGRAM DATA RAM 
USER PROGRAM ROM COUNTER 
304 x8 Low PCL 






DATA ROM 


SELF-CHECK ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vsg © 

Power is supplied to the microcomputer using these 
two pins. Vcc is +5 volts (+0.5 V) power, and Vss is 
ground. 


iRo | 
This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcomputer. 


EXTAL AND XTAL 


These pins provide control input for the on-chip -clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below VipEs +, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 











NC EXTAL 47k EXTAL 
EXTERNAL MCU 
CLOCK XTAL (CRYSTAL MASK XTAL seu 
INPUT ; 
pEnON IRESISTOR-CAPACITOR MASK 


EXTERNAL CLOCK 


CRYSTAL PARAMETERS: 


EXTAL 4 XTAL 5 





CRYSTAL PARAMETERS 
AT. CUT PARALLEL RESONANCE CRYSTAL 
Cg.= 7 pf MAXIMUM 
FREQ. = 11 MHz 
Rg = 50 OHMS MAXIMUM 


PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER S CERAMIC.” RESONATOR 
SPECIFICATIONS. : 


NOTE Keep crystal leads and circuit connections as short as possible. 





TIMER . 

The TIMER pin can be configured to operate in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. : 


RESET 

The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. 


MDS 

The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program- 
ming. However, if MDS is logic low at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. 


INPUT/OUTPUT LINES (PA4-PA7, PB0-PB7) 
These 12 lines are arranged into one 4-bit port (A) and 





one 8-bit port (B). All lines are programmable as either 














OPTION: 


(* DENOTES NC/GND. GROUNDING 
PIN 4 WILL REDUCE RFI NOISE. 


EXTERNAL RESISTOR-CAPACiTOR 









MCU 
EXTAL (CRYSTAL MASK 
OPTION) 


CRYSTAL 


Figure 1. Clock Generator Options and Crystal Parameters 
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om 15 pF AT 25°C 
——— 22 pf AT 25°C 


27 pF AT 25°C 
emmemm 36 pF AT 25°C 
csomeesese 50 pF AT 25°C 


f, FREQUENCY (MHz) 





2 4 6 8 10-12 4 16 18 
R,, LOAD RESISTANCE (kQ) 


(a) TYPICAL FREQUENCY VS RESISTANCE 























t, FREQUENCY (MHz 
> 




















"45 46 47 #48 #49 #50 51 52 53 54 55 
Voc. SUPPLY VOLTAGE (V) 


(b) TYPICAL FREQUENCY VARIATIONS @ Ci =:15 pF, 10 kQ 











f, FREQUENCY (MHz) . 

















Vcc, SUPPLY VOLTAGE (Vv) 


{c) TYPICAL FREQUENCY VARIATIONS @ C, =50 pF, 3 k2 


Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 


inputs or outputs under software control of the data di- 
rection registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 12 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the /O pins are LSTTL compatible as both inputs 
and outputs. In addition, both ports may use either or 
both of two manufacturing mask options; open drain out- 
put, or internal pull-up resistor for CMOS compatibility. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and. avoid 


undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

The 12 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTL/CMOS, or open drain. Port B outputs are 
LED compatible. : 


Port Data Registers ($00, $01) 

The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 


Port A ($00) 7 : 

7 6 5 oe oe 3 ae 2 1 0 
he ia eee see 
Port B ($01) 

7 6 5 4 3 2 1 0 
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. - DATA 
DIRECTION REGISTER 
BIT 


LATCHED 
OUTPUT 
DATA 
BIT 


INTERNAL 
CONNECTIONS 


DATA 
DIRECTION .| . OUTPUT 
REGISTER DATA 
BIT BIT 








OUTPUT 
STATE 





*For CMOS option transistor acts as resistor (approximately 40 kQ) to Vcc. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vcc. 


Figure 3. Typical /O Port Circuitry 


With regard to Port A only, the four LSB bits are unused. 
These bits are “don’t care” (X) bits when written to but 
are always logic high when read. 


Port Data Direction Registers ($04, $05) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin’s corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 


Port A ($04) 

& 6 5 4 3 2 1 0 
a a a Te 
Port B ($05) 
7 6 5 4 3 2 1 0 


a eae ee ae 


With regard to Port A, the four LSB bits are cleared 
(logic zero) by reset. These bits must not be set (logic 
one). 


MEMORY 


The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory, I/O register locations, and four 
levels of stack space. This MCU has three separate mem- 
ory spaces: program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. 
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BYTES 










0000 


RESERVED 
(2784 BYTES) 


2783 
2784 


SELF-CHECK ROM 
(304 BYTES) 


3087 
3088 


RESERVED 
(496 BYTES) 


3583 
3584 


PROGRAM ROM 


(504 BYTES 
4087 
4088 SELF-CHECK 
4089 iRQ VECTOR 
as SELF-CHECK 
4091 RESTART VECTOR 
4092 


4093 
4094 
4095 


USER i 
RESTART VECTOR 


PROGRAM SPACE 


STACK SPACE 


: LEVEL1 
LEVEL 2 











$610 


USER 
IRQ VECTOR 


LEVEL 3 
LEVEL 4 . 


MCc6804J1 


ADDRESS BYTES 







$000 



















SADF 
$AEO 


SCOF 


SDFF 
$£00 


SFF7 
SFF8 
SFFQ 
SFFA 
$FFB 
SFFC 
SFFD 


252 
253 
254 


255 


 SFFE 


SFFF 


Figure 4. Memory Map 
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PORT A DATA REGISTER 
"PORT B DATA REGISTER 


RESERVED 
(2 BYTES) 
PORT A ODOR 
PORT'B DDR 
~. RESERVED 
(3 BYTES) 


TIMER STATUS CONT. REG. 


USER DATA SPACE ROM 


RESERVED 


INDIRECT REGISTER X 
INDIRECT REGISTER Y 


USER DATA SPACE RAM 


; PRESCALER REGISTER 
TIMER COUNT REGISTER 
ACCUMULATOR 


ADDRESS 






$00 
$01 
$02 
$03 
$04 


$05 
$06 
$08 
$09 
$0A 
$17 
$18 





RESERVED 
(14 BYTES) 


(72 BYTES) 
$5F 


$60 
$7F 
$80 






(32 BYTES) 





$81 
$82 
$F 
$A0 


{30 BYTES) 


RESERVED 
(93 BYTES) 





SFC 
$FD 






SFE 


SFF 


DATA SPACE 
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REGISTERS 


ACCUMULATOR (A) __ 


The accumulator is'a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. : 


ae 0 
INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 


cessed with the direct, indirect, short direct, or bit set/ 


clear modes. ; 
7 0 
7 . 0 


PROGRAM COUNTER (PC). 


The program counter is a 12-bit register that contains. 


the address of the next byte to be fetched. The program 
counter is contained in low byte (PCL) and high nibble 
(PCH). 


11 8 7 0 
a ares ae 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 


NORMAL FLAGS | = | “9 | 
INTERRUPT FLAGS fe Tz | 


There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


STACK 


A last-in-first-out (LIFO) sick is incorporated in the MCU 
that eliminates the need for.a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12 bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. — 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and. all lower. reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled:-more than four times - 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


SELF CHECK 


The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin. logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET* goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode's stages for 
successful completion requires external circuitry, § see 
M6804 MCU Manual (DLE404/D). 








RESET 


RESET 


All resets of the MC6804J1 are caused-by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for a minimum of. 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below, typically provides sufficient 
delay. 

















Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 


The MCU can be interrupted by applying a logic low 
signal to the IRQ pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the [RQ pin is sensed to indicate an interrupt. 


EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 


request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 


The interrupt sequence consists of one cycle during 
which: 


The interrupt request latch is cleared; 
The interrupt mode flags are selected; 
The program counter (PC) is saved on the stack; - 


The interrupt mask is set;.and 





The IRQ vector jump address is loaded into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single-. 


chip mode and .$FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to. which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, .it is essential 


LATCH (EDGE 
SENSITIVE OPTION) 
$FF —» PRESCALER g WAS 
INSTRUCTION 


1+ INTERRUPT MASK INSTRUCTION 
O— INTERRUPT REQUEST 
EXECUTE: 
INSTRUCTION 
$fF— TCR 
$00—- TSCR 
AN RTI 
? 


SELECT 
PROGRAM 
MODE 
FLAGS . CLEAR 
INTERRUPT 


"PUT SFFE MASK 


ON 
ADDRESS SELECT 
. BUS. PROGRAM 
MODE 
FLAGS 


LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 
LOCATION 
SFFEISFFF 








that the vector contents specify a JMP instruction in ad- 
dition to the starting address of the interrupt service rou- 
tine. If required, this routine should save the values of - 
the accumulator and the X and Y registers, since these 
values are not stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTH) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv- 
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt’s 
processing, the second interrupt’s sequence can not be- 
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou- 
tine is always accomplished using an RT! instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is. cleared 
during the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION 


Actual operation of the level-sensitive and edge-sen- 
sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 


CHECK 
INTERRUPT 
REQUEST 
LATCH 
OUTPUT 


LEVE! 
SENSITIVE 
INTERRUPT 
OPTION 2 


CHECK LOGIC 
LEVEL OF 


INTERRUPT _ RG PIN 
MASK. 
SET? 


CLEAR 
INTERRUPT 
REQUEST 

_ LATCH 


SELECT 
INTERRUPT 
MODE 
FLAGS 


; SET 
INTERRUPT 
LOAD PC 
FROM ing” 


. WECTOR 
“ISFFCISFFO) 





Figure 6. Reset and Interrupt Flowchart 
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POWERUP AND TIMING 


During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 

































JMP-START 
VECTOR (FFE-FFF) 


eee ey 





START (ROUTINE) 
INSTRUCTION (I-N) 


LAST INSTRUCTION 
JSR INIT : 


PROGRAM 





ira 
RECOGNIZED 





iRQ 
SERVICE 
ROUTINE 


LAST INSTRUCTION 
RT 


PROGRAM 


eee eee eee ee ee ee 


TIMER 


A block diagram of the MC6804J1 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 


_ pulse. It divides the frequency received by some factor 








INTERRUPT 
MASK 
CLOSED 
INIT 
INITIALIZATION 
SUBROUTINE 
LAST INSTRUCTION 
RTI 
MASK 
OPEN 
INTERRUPT 
MASK 
CLOSED 
MASK 
OPEN 


Figure 7. Interrupt Mask 
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MICROCOMPUTER INTERNAL BUS 
READ WRITE READ WRITE READ 


8-BIT COUNTER 
TIMER SELECT . 
PIN 108 TIMER COUNT REGISTER 


TIMER STATUSICONTROL 
~ (TER) 


REGISTER (TSCR) ~~ 





TIMER PIN STATUS 





PRESCALER TIMER 
TOUT CLOCK PIN 


0 TIMER PIN _ INPUT MODE . 
1 SYNC “QUTPUT MODE 






Figure 8. Timer Block Diagram 
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to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PS0-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27.. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum. value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 


The prescaler register and timer count fegletel are 
readable and writeable. A write to either one will take 
precedence over the normal. counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tbyte. 
which is (fgg¢/48). af 


TIMER INPUT MODE 


‘In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control. 


TIMER OUTPUT MODE 
In. the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 


pulse. This pulse.is.a divide-by-48 of the internal oscillator 
(fosc/48). From this point-on, operation is similar to that 


described for the input mode. However, in the output - 


mode,:once the prescaler decrements the timer counter 
to zero, the high TMZ bit state is used to latch the data 
at TSCR bit 4 (DOUT), onto the TIMER pin. . 


NOTE 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the timer counter 
and can be read or written. | 


7 : 0 
MSB. LSB 
RESET: 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6 5 4 3 2 ee 
[| mwz | — | rour | vour | psi_| ese | psi | rso | 


RESET: 
0 


TMZ —. Timer Zero . 
1=Timer count register has decranieuisdt to zero 
since the last time the TMZ bit was read. 
0=This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 


Bit 6 — 
Not used eh this register. 


TOUT — Timer Output 
1 = Output mode is selected for the timer. 
0=Input mode is selected for the timer. 


DOUT — Data Output 
Latched data at this bit is sent to the TIMER pin when 
both the TMZ and TOUT bits are logic high. 


PSI — Prescaler Initialization 
1=Prescaler begins to decrement. 
0=Prescaler is initialized and counting is:inhibited. 


PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 











It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 
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TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 


6 0 
MSB a LSB 
RESET: 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 
Most of these instructions use two operands. One op- 


erand is the accumulator; the other is obtained from: 


memory using one of the addressing modes. Refer to the 


following list of instructions. 


LDA 
LDY 


Load A from Memory 
Load YP. from Memory | uy | 


Load XP from Memory 

Store A in Memory STA 
Subtract from A SUB 
AND Memory to A ~ AND 
Transfer A to XP TAX 
Transfer A to YP TAY 
Transfer YP to A TYA 
Transfer XP to A TPA 
Clear A | | 
Clear XP 
Clear YP | cLRY 
Arithmetic Compare with Memory | cme 
Move Immediate Value to Memory | om 
Arithmetic Left Shift of A | | ASLA | 
Complement A ior . 


























CMP 
MVI 
ASLA 
Rotate A Left and Carry ROLA. — 


READ-MODIFY-WRITE INSTRUCTIONS 


‘These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 


value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 


he Function 
Increment Memory Location 














| 







BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. i 


Branch if Carry Clear | Bcc 
Branch if Higher or Same | (BHS) | 






[Branch Not Equal ——SSSSC*dCN 
[eranchifequel —SSSSC*idC 






BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of data space, where all port 
registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following jist of instructions. 


| Function | Mnemonic 












CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
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(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. 








Return from Subroutine 
Return from Interrupt 
No Operation 


Jump to Subroutine 








Jump Unconditional 


IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are located in 
RAM, many implied instructions exist. Some of the instructions 
recognized and translated by the assembler are shown below: 


| Mnemonic | Becomes | Mnemonic | Becomes _ | 
pHs face, fincy _fincsai_ 
cura [suse [tovi_—_[ Mv sat Data | 
curx _[mvissowo [nop [Beaiec) +1_| 
inca fincsre | | 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 





















BCLR 7,$FF 


OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
applicable to the MC6804J1. MCU. 














ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to.optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 


stack space. The term “effective address” (EA) is used in 
describing the various. addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two- 
byte instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re- 
spectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 


- opcode is added to the PC if, and only if, the branch 


conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
—15 to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. __ 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 


struction. 
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Table 1. Opcode Map 











Register/Memory, Control, and 
Read/Modify/Write Instructions 











Branch instructions 











: Bit Manipulation Register/Memory and 
$ Instructions Read/ ae ae wire 
Cc 
1300 Wi 
* BRCLRO BCLRO 
3 BTBl2 BSC oon 1 ae 
BCLRI 
2 BSC RIND] 1 : IN 
BCLR2 “ADD ADD 2 
2 BSC RIND R.iND -0010 

















sen 









AND AND 
RIND RIND 
" BRCLRT BCLR7 
BIBIZ BSC }1 er 1 oan 
4 mae | BRSETO. BSETO 
yg 8 2 so]1 Btal2 BSC |2 a 
2 
BCS JSRn saan * BRseT1 cies 
ret [1 ExT} 2 sof1 s0}3 erel2 na 
4 


































JSRn 
1 €xT 















































Abbreviations for Address Modes ae ; : LEGEND 
INH inherent . Indicates Instruction: Reserved for Future Use 
S-D . Short Direct ft Indicates Illegal Instruction : 
. B-T-B. Bit Test and Branch =~ : Opcode in Hexadecimat 
IMM_ ‘Immediate . ; 
DIR Direct 7 Cycles . ee 
EXT Extended : : Mnemonic Opcode in Binary 


REL. Relative Bytes 
BSC . Bit Set/Clear : 


R-IND Register Indirect Address Mode 





LFvOs9OIN 
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CAUTION 


The corresponding DDRs for ports A and B are write 
only registers (registers at $04 and $05). A read 
operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, 
they cannot be used to set or. clear a DDR bit; all 
“unaffected” bits would be set. Write all DDR bits 
in a port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte: The third byte is sign extended 
to 12 bits and becomes the offset added to the PC if the 
condition is true. This single three-byte instruction allows 


the program to branch based .on the condition of any 
readable bit in the 256 locations of data space. The span 
of branching is from —125 to +130 fromthe opcode 
address. The state of the tested bit is also transferred to 
the carry flag. a 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. . 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 


" ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage 


Operating Temperature Range (Comm.) 









Vcc 
Vin 
| Symbol 





THERMAL CHARACTERISTICS 


Thermal Resistance 







Value 










POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp > 8Ja) (1) 


where: 
Ta = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Pb = Pintt+ Peort 
PintT  =!cc*Vcc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 


| Value | Unit _ 
[| inputVoltage | Vin ‘| -03t0 +70 | Vv 





| Unit_| 
CW 


_Ppopt is neglected) is: 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voitage higher than. maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vip and Voyt be con- 
strained to the range Vsg < (Vin or Vout) = Vcc. 
Reliability of operation is enhanced if unused in- 
puts except EXTAL are connected to an appro- 
priate logic voltage level (e.g., either Vss or Vcc). 


For most applications PportT<Pint and can be ne- 
glected. PPoRT may become significant if the device is 


- configured to drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if 


(3) 

where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known T,. Using this value of K, 


Pp=K+(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + 0yarPp2 


‘the values of Pp and Ty can be obtained by solving equa- 


tioris (1) and (2) iteratively for any value of Ta. 


MOTOROLA MICROPROCESSOR DATA 


3-291 





MC6804J1 


ELECTRICAL CHARACTERISTICS 
Wec= +5. 0 Vdce+0.5 Vde, Vgg=GND, Ta=0°C to 70°C, unless otherwise noted) 


earner] 
Fnpitigh Volpe 
Pepto vty 
tn 
aed 













Input Capacitance 
Input Current (IRQ, RESET) 


SWITCHING CHARACTERISTICS 
(Vcc= +5.0 Vde+0.5 Vde, Vgg =GND, Ta=0°C to 70°C, unless otherwise noted) 


a eet J 
re 
2xtoyte 
en aTmemnemmmiE an | ie 






















tot Veg = 5.2 V Voc = 5.2 V 
Test --«--_-s«sMM06150 TEST MM06150 
POINT OR EQuIV. ako POINT OR EQUIV. 10 ka 
TEST POINT es | 
40 pF MM07000 30 pF (TOTAL) MMD7000 
(TOTAL) OR EQUIV. i OR EQUIV. 
Figure 9. LSTTL Equivalent — Figure 10. CMOS Equivalent Figure 11. LSTTL Equivalent 
Test Load (Port B) Test Load (Ports A, B, C) Test Load (Ports A, C, 


and TIMER) 


(a) OSCILLATOR — 61-02 TIMING 


(b) o1 — SYNC TIMING 





SYNC | | | 


Figure 12. Clock Generator Timing Diagram 
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PORT DE ELECTRICAL CHARACTERISTICS 
(Vcc= +5.0 Vde+0.5 Vde, Vgg= GND, Ta=0°C to 70°C, unless otherwise noted) 


| Characteristic | Symbol | = Min =| typ |S Max | Unit 

wee : Ports A and Timer (Standard) . ' . 
| Output Low Voltage, Iload=04mA | CV | OC | CO | rT 
| Output High Voltage, ILoad=-50wA | Von | 2s | CST CO 
[inputHigh Voltage =] | | SC eC 


Input Low Voltage Vit 


TSI 
Port A (Open Drain) 
Output Low Voltage, ILoaq=0.4 mA VOL 










< 






< 






< 






= 

= 
< 
a 


Hi-Z State Input Current 







Input High Voltage Cc 


a 
Input Low Voltage 
Hi-Z State Input Current ITS! as 
Open Drain Leakage (Vout=Vccc) ILOD 
_ Port A (CMOS Drive) . 


Obie ae 


< 
[aa 
| 
BS 
-~ 
oO 
|r 
> 


Output Low Voltage, ILoad=9.4 mA (Sink) _ 
Output High Voltage, IL oaq= — 10 pA OH 
Output High Voltage, I_Loaq= —50 pA Oo 
Input High Voltage, IL_oagq= — 300 pA Max ViH 


Input Low Voltage, ILoad = — 300 wA Max VIL s SS0G-<! | 


< 


<|< 
x= - 
< 
{o) 
QO 
\ 
o 





Cc 


< 
oO 


— 300 


Hi-Z State Input Current (Vin =0.4 V to Vcc) - ItsI 





Output Low Voltage, ILoad= 1.0 mA a ae 


Output Low Voltage,IL_gaq= 10 mA (Sink) VOL 
Output High Voltage, I, ggq= — 100 pA 
Input High Voltage 


V 


ITsI | | 


Port B (Open Drain) 


Output Low Voltage, ILoad=1.0 mA VOL . Sa 


Output Low Voltage, ILgaq= 10 mA (Sink). VoL ig iateen S 


V 


= 







Input Low Voltage 


=< 
r 


< 
QO 
oO 


Hi-Z State Input Current 


< 
=x 


Input High Voltage 


< 
Q 
oO 


= 
o 


| 
Oo 
wo 
PB lie 


input Low Voltage _ 
Hi-Z State Input Current 






<2) 


Open Drain Leakage (Voyt=Vcc) . ILOD 


Port B (CMOS Drive) 
Vo 

O 
VOH 


Output Low Voltage, ILoaq= 1.0 mA 


Output High Voltage, ILoad= 10 mA (Sink) 


< 
- |X 
< 
iw) 
Oo 
| 
° 


Output High Voltage, ILoad= — 10 nA 


Output High Voltage, ILgaq= ~— 100 pA VOH ps ate | 
Input High Voltage, I_oag= —300.wA Max vn | 20 Vcc 
Input Low Voltage, ILoaq = — 300 ».A Max VIL fi ssn 


Hi-Z State Input Current (Vip =0.4 V to Vcc) ITSI 
Ports A and B (Low Current Clamping Diode*) 





Input High Current Vi =Vcc+1.0 V 


P 


—_ 
fo} 
S 
= 
> 


Input Low Current Vi, =0.8 V HL b 





*Denotes not tested unless specified on ordering form. 
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=r vei Se 
, oc eo em oO pam 


Igy. LOW-LEVEL OUTPUT CURRENT (ma) 
- tw 
Inq, HIGH-LEVEL OUTPUT CURRENT (nA). 





. a ob 
0 .100 200 300. 400 500 600. 700 800 2.0 25 30 35 OS 5.0 
Voy. LOW-LEVEL OUTPUT VOLTAGE (mV) Von. HIGH-LEVEL OUTPUT VOLTAGE (V) 
"X= SPEC PT. re ee X= SPEC PT. ; 
Figure 13. Typical Vo. vs lot ' Figure 14. Typical Voy vs 10H . 


for Port A and TIMER or for Port A and TIMER 


el ae a ra] Zoe 
areee 7 an an 


— 40°C 


PAA ef evrecren || 
Eel 


Beecdeee 
ae aie fas ee 


Inn. HIGH-LEVEL OUTPUT CURRENT (A) 
Igy, LOW-LEVEL OUTPUT CURRENT (mA) ~ 












*9 100 _ 200 300 400 $00 
7 Von. HIGH-LEVEL OUTPUT VOLTAGE (V) Vo, Low: LEVEL OUTPUT VOLTAGE (mv) 
X= SPEC PT. X = SPEC PT. : 
Figure 15. Typical Voy vs Ion Figure 16. Typical VoL vs 7" for Port B 
for Port A with CMOS Pullups 
0 0 
PE ae 


(2.3 V, — 100 ea 
3V, — 100 pA} 
eal ab VA 





lou: HIGH-LEVEL OUTPUT CURRENT (A) 
Ioy.-HIGH-LEVEL OUTPUT CURRENT (nA) 





PL PE Et I 


~ 400 
20 2. 5.0 : AB 
Vou. coe pari ire m Vow, HIGH-LEVEL OUTPUT VOLTAGE (V) 
X=SPEC PT. : : cat des : X=SPEC PT. a fliceh wes oye tee” 
Figure 17. Typical Vox vs IoH for Port B Figure 18. Typical Von vs lon | 


for Port B with CMOS Pullups. 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 ; 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS/PC- 
DOS disk file) may be submitted for pattern generation. 
They should be programmed with the customer program, 
using positive logic sense for address and data. The dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the filename contain- 
ing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS systern files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. in addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM®’s Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 

‘kette must contain the object file code in Motorola’s S- 

record format. The S-record format is a. character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC6804J1 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM is programmed with the 
customer program using positive logic sense for address 
and data. Submissions on two EPROMs must be clearly 
marked. Ail unused bytes, including the user’s space, 
must be set to zero. 

If the MC6804J1 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs; memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $E00 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in aconductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customers ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type and temperature for the 
MC6804J1. This MCU device is available in the 20-pin 
dual-in-line (DIP) package. ; 


Generic Information 


Package Type 


Plastic 
(P Suffix) 








MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


Temperature Order Number 


0°C to 70°C 


MC6804J1P 
— 40°C to +85°C | MC6804J1CP 






IBM is a registered trademark of International Business Machines Corporation. 
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’ MECHANICAL DATA 


PIN ASSIGNMENTS 





Vsgs U je 20 {] RESET 


{RO | 19 PA? 
Vcc U 3 18 [J PAG 
EXTAL UJ 4 17 I] PAS 
XTAL Yj 5 16 1] PA4 
MDS Uj 6 15 1] PB7 
TIMER L 14 [} PBS 
PBO Lj 8 13 [J PBS 
PB1U) 9 12 1] PB4 
PB2 ij 10 11 [J PB3 
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TECHNICAL DATA MCc6804J2 


Technical Summary 
8-Bit Microcomputer Unit 


MC6804J2 HMOS (high-density NMOS) microcomputer unit (MCU) is a member of the M6804 
Family of serial processing microcomputers. This device displays all the versatility of an MCU a 
whose design-ability to process 8-bit variables one bit at a time already makes it tremendously cost 
effective. 

This. technical summary contains limited information on the MC6804J2. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers (MC6804J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804J2 MCU are: - 


@ On-Chip Clock Generator © True Bit Manipulation 

@ Memory Mapped I/O @ Bit Test and Branch Instruction 

@ Software Programmable 8-Bit Timer with © 304 Bytes Self-Check ROM 
7-Bit Prescaler a ® Conditional Branches 

@ Single Instruction Memory Examine/ ' @ Timer Pin is Software Programmable as 
Change ; Clock Input or Timer Output 

@ 30 Bytes of Data RAM @ 1000 Bytes of User Program Space ROM 


e@ User Selectable Output Drive Options, LSTTL, LSTTL/CMOS, and Open-Drain Interface Ports 
@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 





BLOCK DIAGRAM 


; XTAL —EXTAL RESET MODS IRO 
TIMER PRESCALER Pine 


TIMERISTATUS OSCILLATOR 
CPU 
CONTROL 
PBO 






CONTROL REGISTER 


ACCUMULATOR 
A 
INDIRECT 
REGISTER x 











PAG 
PORT INDIRECT PBI 
a Ns DATA REGISTER pp2 PORT 
410 DIR. DATA |. PORT a 
Lines PAG REG. Sank DIR. B PB4 0 
BESS. pA: PBS LINES 
ie PROGRAM = 
COUNTER 
HIGH__ PCH ALU 30x68 
1000 x 8 PROGRAM DATA RAM 
USER PROGRAM ROM COUNTER ar 
304x8° — LOW PCL 72x8 
SELF-CHECK ROM | ‘| DATA ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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~ SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5 volts (+0.5 V) power, and Vss is 
ground. 


IRQ . 
This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcomputer. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock - 
oscillator circuit. A crystal, a resistor/capacitor combi- - 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below VijREs +, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 











TIMER 


The TIMER pin can be configured to operate in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and'serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the ~ 
TMZ bit was logic high. 


RESET 


The RESET pin is used to-restart the processor to ihe 
beginning of a program. The program counter. is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. 





MDS 

The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program- 
ming. However, if MDS is logic low at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. 


INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 


These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (B). All lines are programmable as either 














NC EXTAL 47k EXTAL 
EXTERNAL MCU 
cLOckK XTAL (CRYSTAL MASK XTAL ‘ie 
INPUT 
7 ORTON (RESISTOR-CAPACITOR MASK 
OPTION} 
EXTERNAL CLOCK (* DENOTES NC/GNO. GROUNDING 
PIN 4 WILL REDUCE RFI NOISE.) 
EXTERNAL RESISTOR-CAPACITOR 
{a) 
CRYSTAL PARAMETERS Cy 
Rg 
~EXTAL 4 XTAL 5 





CRYSTAL PARAMETERS. 
AT — CUT PARALLEL RESONANCE CRYSTAL 
Co =7 pF MAXIMUM 
FREQ.=11 MHz. 
Rg = 50 OHMS MAXIMUM 


PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S CERAMIC RESONATOR 
SPECIFICATIONS. 


NOTE: Keep crystal teads and circuit connections as short as possible. 











MCU 
(CRYSTAL MASK 
OPTION) 


CRYSTAL 


Figure 1. Clock Generator Options and Crystal Parameters 
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mm 15 pF AT 25°C 
——— 22 pF AT 25°C 


seme 36 pF AT 25°C 
sscsseesere 50 pF AT 25°C 


f, FREQUENCY (MHz) 





R,, LOAD RESISTANCE (kQ) 


(a) TYPICAL FREQUENCY VS RESISTANCE 




















f, FREQUENCY Hz) 








“5 46 47 48 49 50 6.1 52 63 54 55 
Vcc. SUPPLY VOLTAGE (V) 


(b) TYPICAL FREQUENCY VARIATIONS @ C,=15 pF, 10 kQ 

















f, FREQUENCY (MHz) 














“Wee, SUPPLY VOLTAGE ™) 


(c) TYPICAL FREQUENCY VARIATIONS @ 6 =50 pF, 3 kQ 


Figure 2. Typical Frequency Selection for . 
Resistor/Capacitor Oscillator Options 


inputs or outputs under software control of the data di- 
rection registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 12 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). . 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one-for 
output, or a jagic zero for input, as shown in Figure 3. 
When the registers are. programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the 1/0 pins are LSTTL compatible as both. inputs 
and outputs. In addition, both ports may use either or 
both of two manufacturing mask options; open drain out- 
put, or internal pull-up resistor for CMOS compatibility. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 


used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

The 12 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTL/CMOS, or open drain. Port B outputs are 
LED compatible. 


Port Data Registers ($00, $01) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 


Port A ($00) 
7 6 5 4 3). 2. 1 0 
be zee ee te el Sarees | aes ee 
Port B ($01) . 
7 6 5 4 3 2 1 0 
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DATA 
DIRECTION REGISTER 


LATCHED 
OUTPUT 


INTERNAL 
CONNECTIONS 


DATA 


DIRECTION OUTPUT 


REGISTER DATA 





*For CMOS option transistor acts as resistor (approximately 40 kQ) to Vcc. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vcc. 


Figure 3. Typical i/O Port Circuitry 


_ With regard to Port A only, the four LSB bits are unused. 
These bits are “don’t care” (X) bits when written to but 
are always logic high when read. 


Port Data Direction Registers ($04, $05) © 

Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin’s corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put-the ports in the input mode. 


Be A et 


a B note 


With regard to PortA only, the four LSB bits are cleared 
(logic zero) by reset. These bits must not be set (logic 
one). 


MEMORY 


The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory, I/O register locations, and four 
levels of stack space. This MCU has three separate mem- 
ory spaces: program space, data space, ahd stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines. 

indirect X and Y register locations $80 and $81 are: 
generally used as pointers for such tasks as indirect.ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with-single-byte opcodes. The operations allowed are in- 
crement, decrement; load, and store. Data space loca- 
tions $82 and $83 can’be used for 8-bit counter. locations. 
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BYTES ADDRESS _ BYTES ADDRESS 


PORT A DATA REGISTER 
PORT B DATA REGISTER 


RESERVED é 
(2 BYTES} 
PORT A DDR 






0000 












$000 000 $00 


$01. 
$02 
$03 
$04 















RESERVED 003 
(2784 BYTES) ; 004 


PORT B DDR 
RESERVED 
a (3BYTES) 
TIMER STATUS. CONT. REG.. 


RESERVED 
(14 BYTES) 


$05 
$06 
SADF 
$AEO 


2783 
2784 


SELF-CHECK ROM 031 
(304 BYTES) 







USER DATA SPACE ROM 
(72 BYTES) 





3087 
3088 


$COF 
$10 














RESERVED 
(32 BYTES) 


127 $7F 
PROGRAM ROM 128 INDIRECT REGISTER X $80 
Ver ee 129 INDIRECT REGISTER Y $81 





USER DATA SPACE RAM 
(30 BYTES) 








$OF 
SEF 160 


SFF8 


4087 





RESERVED 


4088 “SELF-CHECK (93 BYTES) 












4089 TRO VECTOR SFFQ 252 SFC 
4091 RESTART VECTOR $FFB . 
4092 USER SFFC ss ss 
ae USER SFFE — 

4095 / RESTART VECTOR SFFF | DATA SPACE 


PROGRAM SPACE 


STACK SPACE 


(LIFO) 








Figure 4. Memory Map 
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REGISTERS 


ACCUMULATOR (A). 


The accumulator ‘is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. . 


~ 
oO 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain. pointers to 
other memory locations in data space. They are used in 
the register-indirect. addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. — 


~ 
u 
Qo 


~ 
o 


i 


PROGRAM COUNTER (PC). 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. The program 
counter is contained in low byte (PCL) and high nibble 
(PCH). 


1 i . 0 
PCH PCL 


FLAGS (C,Z) . 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 


NORMAL FLAGS Ree 
INTERRUPT FLAGS er | 


There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


STACK 


A last-in-first-out (LIFO) stack is iarporated| in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12 bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


SELF CHECK 


The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode’s stages for 
successful completion requires external circuitry, see 
M6804 MCU Manual (DLE404/D). 





RESET 


RESET 


All resets of the MC6804J2 are caused by. the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low 1 a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below, typically provides sufficient 
delay. 

















Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 


The MCU can be interrupted by applying a logic low 
signal to the IRQ pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the IRQ pin is sensed to indicate an interrupt. 


EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. . 

The interrupt sequence consists at one pyele during 
which: 


The interrupt request latch is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 
The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, it is essential 
























O— DDRs 
1 —+ INTERRUPT MASK 
O— INTERRUPT REQUEST 
LATCH (EDGE 
SENSITIVE OPTION) 
SPF TCR 
$00 — TSCR 
$FF —> PRESCALER 


FETCH 
INSTRUCTION 


EXECUTE 
INSTRUCTION 

















WAS 
INSTRUCTION 
AN RTI 

? 






SELECT 
PROGRAM 
MODE 
FLAGS 









CLEAR 
INTERRUPT 
MASK 















PUT $FFE 
ON 
ADDRESS 
BUS 








SELECT 
PROGRAM 
MODE 
FLAGS 


PIN 
Low 






LOAD PROGRAM 
COUNTER FROM 
. RESET. VECTOR 

LOCATION 
SFFEISFFF 


INTERRUPT 
MASK 
SET? 


that the vector contents specify a JMP instruction in ad- 
dition to the starting address of the interrupt service rou- 
tine. If required, this routine should save the values of 
the accumulator and the X and Y registers, since these 
values are not stored on the stack. _ 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags | are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv- 
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt’s 
processing, the second interrupt’s sequence can not be- 
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou- 
tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION 


Actual operation of the level-sensitive and edge-sen- 
sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 











CHECK 
INTERRUPT 
REQUEST 
LATCH 
QUTPUT 








LEVE! 
SENSITIVE 
INTERRUPT 
OPTION 2 









HECK LOGIC 
LEVEL OF 
iRG PIN 






















CLEAR 
INTERRUPT 
REQUEST 
LATCH 














SELECT 

INTERRUPT 
“MODE 

FLAGS 














“STACK: 
PROGRAM 
COUNTER 

(PC) 


SET 
ae 


LOAD PC 
FROM RO 
VECTOR 

(SFECISFFD) 




























Figure 6. Reset. and Interrupt Flowchart 
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IRQ pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown i in Figure 6. 


POWERUP AND TIMING 


During the powerup sequence, the interrupt:mask is 
closed. This precludes any false interrupts. The PC is also 


loaded with the appropriate restart vector Hunp instruc- 


tion). 


To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRO processes and their relationship to 
the interrupt mask are shown in Figure 7. 






JMP-START 
VECTOR (FFE-FFF) 

























ee 





START (ROUTINE) 
INSTRUCTION (I-N) 








Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 


TIMER 


A block diagram of the MC6804J2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at 4 rate” 
determined by the timer status/control register (TSCR). 


PRESCALER 
The prescaler is a 7-bit counter used:to extend the max- 
imum interval of the overall timer. This counter is clocked 


eee ee eee eee ee 








“INTERRUPT 
MASK 
LAST INSTRUCTION CLOSED 
JSR INIT 
INIT 
INITIALIZATION 
SUBROUTINE 
LAST INSTRUCTION | 
RTI 
PROGRAM ake 
OPEN 
iRO 
RECOGNIZED 
ikd 
SERVICE 
ROUTING INTERRUPT 
MASK 
CLOSED 
LAST INSTRUCTION 
RTI 
PROGRAM 
MASK 
Figure 7: Interrupt Mask -_ OPEN 
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TIMER. 


MICROCOMPUTER INTERNAL BUS 











SYNC 


READ WRITE 


PRESCALER SELECT 
1-0F-8 


INITIALIZE 
° 


READ WRITE READ 















8-BIT COUNTER 









PIN TIMER COUNT REGISTER 


TATUS 
(TCR) TIMER STATUS/CONTROL 


REGISTER (TSCR) 


a S rae 
POON 
LATCH 
TIMER PIN STATUS 
PRESCALER ; TIMER 
TOUT CLOCK PIN 
TIMER PIN __ INPUT MODE ; 
SYNC 










QUTPUT MODE 


Figure 8. Timer Block Diagram 
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by a signal from the TIMER pin or by the internal sync - - 


pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This ‘relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tbyte, 
which is (fosc/48). 


TIMER INPUT MODE 


In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program contro! to tell when the counter 
register has reached zero. ; 


TIMER OUTPUT MODE 


In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 


NOTE 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to TCR or by a write 
to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 


The timer count register reflects the current count in 
the internal 8-bit counter. The register is the timer counter 
and can be read or written. 


7 
MSB 


RESET: 
1 


LSB 


1 1 1 1 1 1 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6. .4 4 3 2 1 0 
[mz | — | tour | oour| Psi | ps2 | esi | eso | 
RESET: ; 

0 0 0 
TMZ — Timer Zero 
1=Timer count register has decremented to zero 

since the last time the TMZ bit was read. 
0=This bit is cleared by a read of the TSCR if TMZ 

is read as logic one. 


0 0 0 0 0 


Bit 6 
Not used by this register. 
TOUT — Timer Output 
1=Output mode is selected for the timer. 
0=Input mode is selected for the timer. 
DOUT — Data Output 
Latched data at this bit is sent to the TIMER pin when 
___ both the TMZ and TOUT bits are logic high. 
PSI — Prescaler Initialization 
1=Prescaler begins to decrement. 
0=Prescaler is initialized and counting is inhibited. 
PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 





It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR..Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PS0- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes.the prescaler. 


TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 


6 0 
MSB LSB 
RESET: 
1 1 1 1 1 1 1 
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INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 


oO 


Load Afrom Memory _ 


Load XP from Memory 


= 
oO 





s 


Move Immediate Value to Memory 


Load YP from Memory LD 
Store A in Memory STA 
Add to A ADD 
SUB 
Transfer A to XP ; 
Transfer A to YP 
Transfer YP to A 
Clear XP 
Arithmetic Compare with Memory 
| ASIA _| 


Arithmetic Left Shift of A ASLA 
Complement A COMA 
Rotate A Left and Carry ROLA 





READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 





DECK 


Decrement YP 





BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. oe 














Branch if Carry Clear 


} 
Franch conve —SSSSS*dtCics 
‘ranch Not Equal SSS | 

o_o 


Branch if Equal 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of data space, where all port 
registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test.and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 


|___Function | Mnemonic | 











BSET n(n=0...7) | 
BCLR nin=0...7) 










CONTROL INSTRUCTIONS 

These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 


tions. 











Return from Subroutine 


No Operation ’ NOP 
JSR 









Jump to Subroutine 2 ; 


Jump Unconditional — 
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IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 
bler are shown below: 


| Mnemonic | Becomes | Mnemonic | Becomes _ 
ECA 





















jcurx __|wvisso#o [Nop BEQPc) +1_| 
jury |wviser4o__ [tax [staseo | 
DECA 
DECK 

| 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 









BCLR7.$FF 


OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
‘applicable to the MC6804J2 MCU. 


ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. it deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address” (EA) is used in 
describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. , 


IMMEDIATE 


‘In the immediate addressing mode, the operand is lo- 
‘cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 


addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a {oop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two- 
byte instruction. : 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct. 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re- 
spectively. : 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space.: An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are. true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
—15 to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A and B are write 
_only registers (registers at $04 and $05). A read 
operation on these registers is undefined. Since. 
BSET and BCLR are read-modify-write functions, 
they cannot be used to set or clear a DDR bit; all 
“unaffected” bits would be set. Write all DDR bits 
in a port using a single-store instruction. 
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Table 1. Opcode Map 





















































































































































































































Register/Memory, Control, and Bit Manipulation Register/ Memory and 
Branch Instructions Read/Modify/ Write Instructions Instructions Read/Modify/Write 
Hi 0 7 | 2 3 | 4 5 6 le 3s |. 9 [ 7 A B 7 C 
Low 0000 0001 wo. = 01 0200 0101 ano on - 1001 1010 1011 1100 
T 2 a 2 2 TT? 12 2 2 a a 5 
0 BNE BNE BEQ BEQ BCC BCC BCS 8CS JMPn . MVI BRCLRO 
0000 ’ Ret |! REL |) REL |} REL]! Rec | REL |} REL |) REL ext 3 ime | 3 ate 
—<——5- os ——5 2 2 [2 5] 7 5 
1 BNE BNE BEQ BEQ BCC BCC BCS BCS JMPn BRCLR1 
0001 1 REL] x REL | REL | + REL} REL} REL [1 REL |) REY EXT 3 6TB C 
f 2 2 ts [2 2 2 2 2 4 4 2 5 4 4 4 
2 BNE BNE - BEQ BEQ BCC. BCC BCS BCS JSRn JMPn * RTI BRCLR2 BCLR2 ADD ADD 
0010 1 AEL | 1 REL |) ret | REL} REL |) Rev | Rev lt Rec | 2 ExT] 2 EXT 1 inn | 3 BT 8] 2 Bsc ]1 RIND} 1 RAND 
2 2 2 2 2 2 2 2 4 4 E 2 5 4 4 4 ss 
3 BNE BNE BEQ BEQ BCC - BCC BCS BCS JSRn JMPn * RTS BRCLR3 BCLR3 SUB SUB 3 
001) 1 REL] REL |? REL REL}? REL] A REL ft REL|t REL 2 ExT} 2 EXT he INH | 3 BIB}2 BSC }) RIND] 1 RIND O11 
PS ee tp 4 4 4 Ts 4 4 4 
4 BNE BNE JSRn JMPn 2 COMA BRCLR4 BCLR4 CMP CMP 4 
0100 1 REL) 2 EXT} 2 EXT 1 INH | 3 BIB “BSC }1 RIND} } RIND) 0100 
“f2 cana If) 4 4 1 ra 4 1 ce 4 4 
5 BNE BNE JSRn JMPn ‘ ROLA BRCLRS BCLRS AND AND 5 
0101 1 REL] 1 2 E€XT]2 EXT 1 . INH] BIB}2 BSC ]}1 RIND] 1 RIND 0101 
2 Z 2 2 4 4 5 4 4 4 
6 BNE BNE BEQ BEQ BCC BCC BCS BCS JSRn JMPn . . BRCLR6 BCLR6 INC INC 
0110 1 REL|t REL}! “RELY! REL|?t REL] I REL ft REL |! REL | 2 ExT [2 EXT { 3 B61TB/2 BSC JI RIND] 1 FINO. 
2 2 2 2 Te 2 12 2 a a Ts ta a a 
7 BNE BNE BEQ BEQ ~ BCC BCC BCS BCS JSRn JMPn 7 : BRCLR7 BCLR7 . DEC DEC 7 
: REL | 1 rec! 2 LExT | 2 EXT 3 Brel|z BSC } 1 RIND | 1 aind | - om 
: 2 4 . 4 ic [a 5 4 4 4 
BCS BCS JSRo JMPn INC DEC BRSETO BSETO LDA LDA 8 
REL | REL | 2 ExT [2 : EXT] 1 Ss of 1 $O}3 BIB/2 BSC }2 IMM | 2 oR 1000, 
2 ry a 4 4 Ts ‘44 4 
BCS BCS JSRna JMPn INC - DEC BRSET1 BSET1 # STA 9 
REL {1 REL [ 2 EXT [2 EXTy 1 soj;t s o| 3 B wee BSC 2 DIR 1001 
4 4 4 4 &. 4 4 4 ra 
BCS . JSRn JMPn INC DEC BRSET2 BSET2 ADD ADD A 
REL 2 EXT] 2 EXT}. so} 1 SDj3 BTBI2 BSC [2 IMM | 2 DIR 4010 
4 7 4 4 4 5. 4 4 
: BCS JSRn JMPn INC DEC BRSET3 BSET3 SUB SUB B 
1011 me rev] Rev | 1 REL |} REL] 1 REL] 1 Ret |i RE 2 ExT} 2 Ext] sol sol3 BTBI2 Bsc IMM | 2 oR tou 
] z Ti 2 ; 2 2 2 4 ta ry ry a carey a 
Cc BNE BNE BEQ BEQ BCC BCC BCS JSRn JMPn LDA STA BRSET4 BSET4 CMP CMP Cc 
1100 4 REL} 1 REL} 1 REL} 1 REL} ) REL} 1 REL} REL 2 ExT} 2 EAT} + so} $O/3 BIB/2 BSC }2 IMM OR 1100 
2 2 2 — 2 2 Te 4 4 4 ry 5 4 ac 4 
13] BNE BNE BEQ BEQ BCC BCC BCS JSRo JMPn LDA STA | BRSETS BSET5 AND AND 
101 1 REL] REL} 1 REL | + REL} REL| 1 REL ]1 REL 2 ExT | 2 EXT) 1 "  S$O}t S$o}3 BIB2 BSC ]}2 IMM | 2 DIR 
Tr 2 2 2 2 2 2 En 4 4 4 5 4 4 
E BNE BNE BEQ BEQ BCC BCC BCS JRSn JMPn LDA STA BRSET6 BSET6 # INC E 
1110 1 REL JI REL] 1 - RELI) REL| 1 RELI REL} REL 2 ext? ExT] 1 So}! S$O]3 BTBI2 BSC 2: . oR 4110 
2 2 2 ia 2 2 2 : Fy s me 3 5 a a 
F BNE BNE . BEQ BEQ BCC BCC BCS JSRn JMPn LDA STA BRSET7 BSET7 # DEC F 
yw 1 REL} 1 REL} REL]? REL] 1 REL] 1 REL YT REL xT]? EXT] + so} } SO}3 BTByJ2 BSC 2 DIR Wi 
Abbreviations for Address Modes ~ : A LEGEND 
INH Inherent . Indicates Instruction Reserved for Future Use 
S-D — Short Direct # Indicates Illegal Instruction 
B-T-B Bit Test and Branch Opcode in Hexadecimal 
IMM = Immediate 
DIR Direct Cycles ‘ seat 
EXT Extended Mnemonic peode in-binary 
REL Relative Bytes 








BSC Bit Set/Clear 
R-IND Register Indirect ners Mode 
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BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi-. 


nation of direct addressing and relative addressing: The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 


any readable bit in the 256 locations of data space. The- 


span of branching is from —125.to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect. addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one.byte long. 


INHERENT 


In.the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage 
Input Voltage 


















Operating Temperature Range (ind.) 


THERMAL CHARACTERISTICS 


[Symbol] Value | Unit _| 
| vec | -o3t0+70 | v_| 
| Vin | -03t0+70 | Vv | 
Operating Temperature Range (Comm.) Leb 04070" Aes | 
| Ta | -at0 +85 | °c _| 

| Storage Temperature Range | Tstg_| ~85t0 +150 | °c _| 
a 
| Unit_| 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vjn and. Voyt be con- 
strained to the range Vss = (Vin Or Vout) = Vcc: 
Reliability of operation is enhanced if unused in- 
puts except EXTAL are connected to an appro- 
priate logic voltage level (e.g., either Vs or Vcc). 





Symbol 
Thermal Resistance | ea | 70. | °C/W 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat+(Pp¢ 8ya) (1) 
where: 
Ta = Ambient Temperature, °C 
OA = Package Thermal Resistance, 
_ -Junction-to-Ambient, °C/W 
PD = Pint+Pport 
PINT =!cc%<Vcc, Watts — Chip Internal Power 


PporT = Port Power Dissipation, 
Watts — User Determined 


For most applications PpgrtT<Pint and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp=K= (Ty +273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp + (Ta + 273°C) + 0yarPD2 (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp . 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 
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ELECTRICAL CHARACTERISTICS 
(Vcc = +5.0 Vde+0.5 Vde, Vgg = GND, Ta=0°C to 70°C, unless otherwise noted) 


Symbol 
Internal Power Dissipation — No Port Loading PINT iP eo 
Input High Voltage | vm | 20 | — | voc 














VIH 


SWITCHING CHARACTERISTICS 
(Vcc= +5.0 Vde + 0.5 Vde, Vgg =GND, Ta =0°C to 70°C, unless otherwise noted) 


Oscillator Frequency . 


Vec = 5.2 V 





























TEST MMD6150 
4kQ POINT OR EQUIV. _< 10 kQ 


TEST POINT 7 
MM07000 


TEST MM06150 
POINT OR EQUIV. 





40 pF MM07000 


30 pF (TOTAL) 

(TOTAL) OR EQUIV. : i is (TOTAL) OR EQUIV. 
Figure 9. LSTTL Equivalent Figure 10. CMOS Equivalent Figure 11. LSTTL Equivalent 
Test Load (Port B) Test Load (Ports A, B, C) Test Load (Ports A, C, 

: and TIMER) 


(a) OSCILLATOR ~ o1-¢2 TIMING 


: (b) o1 — SYNC TIMING : . a s ; Z 
*“TLILILILULIFLILPLP Ly Ly Leys 
en nS ot en ee 


Figure 12. Clock Generator Timing Diagram 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc= +5.0 Vde+0.5 Vdc, Vgg=GND, Ta =0°C to 70°C, unless otherwise noted) 


Characteristic | Symbol | Min | Tye | Max | Unit 


. “Ports A and Timer (Standard) 


: 
(o) 
~ 
F 


Output Low Voltage, IL_oaq=0.4 mA 


Output High Voltage, !Load= —50 HA ee a es 
Input High Voltage VIH ae ae 
input Low Voltage eee eS Se ee a ee 


Hi-Z State Input Current 
















Output Low Voltage, !_oaq=0.4 mA = aa : 
ee 


Input Low Voltage 
ITsI 





Hi-Z State Input Current 





Open Drain Leakage (Voyt=Vcc) 








Output Low Voltage, ILoad = 0.4 mA (Sink) 


, 

Output High Voltage, ILoad= — 10 nA a 

Output High Voltage, ILoad= ~50 nA Se a ee 
Z 








Input High Voltage, ILoad= — 300 w»A Max 
Input Low Voltage, ILoad= — 300 pA Max 





Output Low Voltage, ILpaq=1.0 mA f Wort... | 
Output Low Voltage,It oad = 10 mA (Sink) | vo | — | 
Output High Voltage, ILgag= — 100 pA 
Input High Voltage 
Input Low Voltage © VIL 
Hi-Z State Input Current | ons | — | 


Port B (Open Drain) 
Output Low Voltage, ILgaq=1.0 mA VOL = 


Output Low Voltage, lLoaq= 10 mA (Sink) Le WoL he see 
Input High Voltage 
Input Low Voltage 
Hi-Z State Input Current ~ a eas 

eae) 


Open Drain Leakage (Vout=Vcc) LOD 
Port B (CMOS Drive) 


Output Low Voltage, ILgaq=1.0 mA VOL fo ae cal 
Output High Voltage, ILoad = 10 mA (Sink) vo | — | 
Output High Voltage, lL gaq= — 10 pA Vcc -1.0 


Output High Voltage, ILoad= — 100 pA | von | 23 | 
Input High Voltage, ILoad = — 300 »A Max Vy | 20 





Hi-Z State Input Current (Vjn =0.4 V to Vcc) 




















- i/o 
o,o 





< 
(o) 
fo) 


oO 
oO 
= 
> 


foe] 
Oo 





i=) 
fee) 


Input Low Voltage, ILogd = — 300 pA Max VIL 


Hi-Z State Input Current (Vjn =0.4 V to Vcc) ITS! 


Ports A and B (Low Current Clamping Diode*) 


— 300 


wu 


: 
Q 
oO 


= 
a 


= 
> 


Input High Current Viy=Vcc+1.0 V liq 


Input Low Current Vj, =0.8 V NL 
*Denotes not tested unless specified on ordering form. 
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io, LOW-LEVEL OUTPUT CURRENT (mA) 


igy. HIGH-LEVEL OUTPUT CURRENT (A) ” 


X= SPEC PT. 









toy, HIGH-LEVEL OUTPUT CURRENT (,A) 
a : 
Ss 


X= SPEC PT. 


100 = 200 300 ©6400. +500 600 700 
op, LOW-LEVEL OUTPUT. VOLTAGE (mV) 


<= 


Figure 13. Typical Vo. vs loL 
for Port A and TIMER 


Von. HIGH-LEVEL OUTPUT VOLTAGE (V) 


Figure 15. Typical VoH vs IQH 
for Port A with CMOS Pullups 


ate PTET 


Poll aap A Lo Seed eS 
eae ea 


Vou. hei LEVEL eee tase (Vv) 


Figure 17. Typical Vou vs Ion for Port B 
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800 
















5.0 


lon. HIGH-LEVEL OUTPUT CURRENT (nA) 


X= 


lou. HIGH-LEVEL OUTPUT CURRENT (A) 


X= 









See: Y 
ae eee 
| ta tT 
Cates esse wae 
sg le 


2.0 2 5.0 
Vox, HIGH-LEVEL OUTPUT VOLTAGE (V) 





— 300 





SPEC PT. 


Figure 14. Typical Vou vs lOH 
for Port A and TIMER 














“EXPECTED 
MIN 4.5 V 





Igy, LOW-LEVEL OUTPUT CURRENT (mA) 








0 100 200 300 400 500 
Voy. LOW-LEVEL OUTPUT VOLTAGE imv) 
X=SPEC PT. 


Figure 16. Typical Voi vs Io, for Port B 


EXPECTED TYPICAL 
EMI 45V__fl 5.0V 
| 25°C 





3.0 3.5 4.0 45 5.0 55. 
Von. HIGH-LEVEL OUTPUT VOLTAGE (V) 


SPEC PT. 


Figure 18. Typical VOH vs IOH 
for Port B with CMOS Pullups 
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. ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS/PC- 
DOS disk file) may be submitted for pattern generation. 
They should be programmed with the customer program, 
using positive logic sense for address and data. The dis- 
kette should be clearly labeled with the customer’s name, 
date, project or product name, and the filename contain- 
ing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command;-so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 


MS-DOS/PC-DOS Disk File _ 


MS-DOS is Microsoft's Disk Operating System. PC-DOS © 


is IBM® Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola’s S- 
record format. The S-record. format is a character-based 


object file format generated by M6804 cross assemblers. 


and linkers on IBM PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC6804J2 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM. is programmed with the 


MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


customer program using positive logic sense for address 
and data. Submissions on two EPROMs must be clearly 
marked. All unused bytes, including. the user’s space, 
must be set to zero. 

If the MC6804J2 MCU ROM pattern is submitted on 
one 2532 or 2732.EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $C10 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. “ 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM Verification Units. (RVUs) 


- Ten MCUs containing the customers ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining. to the package type and temperature for the 
MC6804J2. This MCU device is available only in the 20- 
pin.plastic dual-in-line (DIP) package. 


; Generic Information ~ 
Package Type 


Plastic a, — 0°C to 70°C 
(P Suffix) ; ~40°C to +85°C | 











Order Number 


MC6804J2P 
MC6804J2CP 






IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 
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Technical Summary 
8-Bit Microcontroller Unit 


MC6804P2 HMOS (high-density NMOS) microcontroller unit (MCU) is a member of the M6804 
Family of serial processing microcontrollers. This device is extremely versatile and cost effective 
based on the MCU’s simple design and its ability to process 8-bit variables, one bit at a time. 

This technical summary contains limited information on the MC6804P2. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2 and 
MC68704P2 8-bit microcontrollers (MC6804 J1/D) or to the W6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804P2 MCU are: 


@ On-Chip Clock Generator @ True Bit Manipulation 

@ Memory Mapped I/O ® Bit Test and Branch Instruction 

© Software Programmable 8-Bit Timer with @ 288 Bytes Self-Check ROM 
7-Bit Prescaler @ Conditional Branches 

@ Single Instruction Memory Examine/ ‘@ Timer Pin is Software Programmable as 
Change Clock Input or Timer Output 

@ 30 Bytes of RAM e 1016 Bytes of User Program ROM 

@ User Selectable Constant Current Pullup Devices available on LSTTL and Open-Drain Interface 
Ports 





@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 


BLOCK DIAGRAM 


TIMER B-BIT XTAL EXTAL —«RESET.-«MbS IR 
PRESCALER Samick 
TIMER/STATUS 
CONTROL REGISTER OSCILLATOR 














PBO 
ACCUMULATOR PBI 
A PORT 
CPU DATA | PORT i : 
INDIRECT CONTROL DIR B 
REGISTER | pe Pe4 
ie xX REG. | REG. |q—y pas LINES 
PAI PB6 
PORT pag INDIRECT PB7 
tee a ee fe. | ee 
LINES PA5 REG. | REG. rate DATA RAM 
PAG oo 
ne PROGRAM pata | PORT bs es 
COUNTER oR. | C PC2 1/0 
HIGH PCH REG. | REG. PC3 LINES 
1016 x8 PROGRAM 
USER PROGRAM ROM COUNTER 






LOW PCL 






288 x 8 
SELF-CHECK ROM 


DATA ROM 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins: Vcc is +5 volts (+0.5 V) power, and Vs¢g is 
ground. 


IR 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcontroller. 


EXTAL AND XTAL 


These pins provide control input for the on- pectin clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is.connected to these pins 
to provide a system clock.. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in pigute: 1, along with crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset.condition, with 
the RESET pin voltage below VijREs +, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 








NC 
EXTERNAL 
CLOCK 
INPUT 


EXTAL 


EXTERNAL CLOCK 


; (a) ; 
CRYSTAL PARAMETERS C1: 


EXTAL 4 : XTAL 5 


CRYSTAL PARAMETERS 
AT — CUT PARALLEL RESONANCE CRYSTAL 
Co =7 pF MAXIMUM 
FREQ. = 11 MHz 
Rg = 50 OHMS MAXIMUM 


PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S CERAMIC . RESONATOR 
SPECIFICATIONS. 


NOTE: Keep crystal leads and circuit connections as short as possible. 





MCU 
XTAL (CRYSTAL MASK 
OPTION) © 


TIMER 

The TIMER pin can be configured to Specie in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As . 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 


RESET 

The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. 


MDS = 

The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or ROM-verify mode. 
However, if MDS is logic low at the end of the reset state, 
the single-chip operating mode is automatically selected. 
No ‘external. diodes, switches, transistors, etc. are re- 
quired for single-chip mode selection. 


INPUT/OUTPUT LINES (PAO-PA7, PB0-PB7, PCO-PC3) 
These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). All lines are programmable as 











EXTAL 






XTAL 
MCU 


(RESISTOR-CAPACITOR MASK 
OPTION} 


(* DENOTES NC/GND. GROUNDING 
PIN 4 WILL REDUCE RFI NOISE.) 


EXTERNAL RESISTOR-CAPACITOR 










: MCU 
EXTAL. (CRYSTAL MASK 
OPTION) 


CRYSTAL 





Figure 1. Clock Generator Options and Crystal Parameters 
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f, FREQUENCY (MHz) 


MC6804P2 


im 15 pF AT 25°C | > 

——— 22 pF AT 25°C | 
cceeese 27 pF AT 25°C | . 

wm sm 36 pF AT 25°C 

‘ geveesevese 50 pF AT 25°C 


Ry, LOAD RESISTANCE (kQ)’ 
(a) TYPICAL FREQUENCY VS RESISTANCE 





ie 
o nN 





™ 
oc 





=~ 
a 





= 
he 


f, FREQUENCY (MHz) 
~~ 
> 


o ™ 
oc oO 





Vcc, SUPPLY VOLTAGE (V) 
(b} TYPICAL FREQUENCY VARIATIONS @ C = 15 pF, 10 k® 








i, FREQUENCY (MHz) 





Voc, SUPPLY VOLTAGE (V) 


(c) TYPICAL FREQUENCY VARIATIONS @ C= 50 pF, 3 ko 


Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 


either inputs or outputs under software control of the — 


data direction registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 
There are 20 input/output pins. All pins of each port 


_ are programmable as inputs or outputs under the control 


of the data direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit.in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the I/O pins are LSTTL compatible as both inputs 
and outputs. In addition, all three ports may use either 
or both of two manufacturing mask options; open drain 
output, or internal pull-up resistor for CMOS compati- 
bility. 

Any write to a port writes to all of its data bits even 


though the port DDR may be set-to input. This can be 


used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

The 20 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTL/CMOS, or open drain. Port B outputs are 
LED compatible. © | 


Port Data Registers ($00, $01, $02) 


The port data registers are not:initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 


Port A ($00) and Port B ($01) _ 
7 6 5 4 Boo 2. 1: 0 
ie, es Oe ee eb epee al 


Port C ($02) 


Tee a, cane 2 1 0 
Dra cak es 7 eee ee 


MOTOROLA MICROPROCESSOR DATA . 
3-318: 





MC6804P2 












“DATA 
DIRECTION REGISTER 


OUTPUT 
DATA 
BIT 


INTERNAL 
CONNECTIONS 


DATA 
DIRECTION OUTPUT 
REGISTER DATA 










INPUT 
OUTPUT TO 
STATE MCU 


0 
J 
HI-Z 


*For CMOS option transistor acts as resistor (approximately 40 kQ) to Vcc. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vcc. 


Figure 3. Typical I/O Port Circuitry 


With regard to Port C only, the four MSB bits are un- 
used. These bits are “don’t care” (X) bits when written 
to but are always logic high when read: 


Port Data Direction Registers ($04, $05, $06) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero.in the pin’s corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 


Port A ($04) and Port B ($05) 


7 6 5 4 3 2 1 0 
Port C ($06) 


7 6 5 4 3 2 1 0 
Fe ed 
With regard to Port C only, the four MSB bits are un- 


used. These bits are “don’t care” (X) bits when written 
to but are always logic high when read. , 


MEMORY 


The MCU memory map (Figure’4) consists of 4352 bytes 
of addressable memory, I/O register locations, and four 
levels of stack space. This MCU has three separate mem- 
ory spaces: program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. 
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BYTES 


0000 $000 







RESERVED 
(2784 BYTES) 


2783 
2784 


SADF 
$AEO 


SELF-CHECK ROM 
(288 BYTES) 


$BFF 
$C00 


3071 
3072 


PROGRAM ROM 
(1016 BYTES) 


4087 SFF7 
4088 SELF-CHECK SFFB 
4089 IRQ VECTOR $reg 
4090 SELF-CHECK SFFA 
4091 RESTART VECTOR SFB 
4092 USER SFFC 
4093 IRQ VECTOR $FFD 
- USER 
RESTART VECTOR 


4094 $FFE 
PROGRAM SPACE 





4095 SFFF 


_STACK SPACE _ 


(LIFO) 








ADDRESS 


032 


* 255 


BYTES 

















000 
001 
002 
003 
004 
005 


006 
007 
008 
009 
010 
031 


252 
253 


254 


Figure 4. Memory Map 


PORT. A DATA REGISTER 


PORT B DATA REGISTER 
PORT C DATA REGISTER 


PORT ADDR - 
PORT B DDR 
PORT C DOR 


RESERVED , 
(2 BYTES) 


TIMER STATUS CONT. REG. 


RESERVED 
(14 BYTES) 


USER DATA SPACE ROM 
(72 BYTES) 


RESERVED 

(32 BYTES) 
INDIRECT REGISTER X 
INDIRECT REGISTER Y 
USER DATA SPACE RAM 

(30 BYTES) 


RESERVED 
(93 BYTES) 


PRESCALER REGISTER 


TIMER COUNT REGISTER 


ACCUMULATOR 


DATA SPACE 
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REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8. bit register 
used to hold operands and results of arithmetic alen: 
Jations or data manipulations. 


~~ 
Qo 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 
cessed with the direct, ingitect: short direct, or bit set/ 
clear modes. 


~ 
i 
ao 


~~ 
Oo 


fi 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. The program 
counter is contained in low byte (PCL) and high nibble 
(PCH). 


1 87 , 0 
PCH PCL 


FLAGS (C,Z). 


The first flag, the carry (C) bit, is set on acarry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
- arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 


NORMAL FLAGS 


IETERBUET FLAGS 


There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


STACK 


A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12-bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is.shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. . 


SELF CHECK 


The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET* goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode’s stages for 
successful completion requires external. circuitry, see 
M6804 MCU Manual (DLE404/D). 








RESET 


RESET 


All resets of the MC6804P2 are caused by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to yloale jow for a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator faves is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below typically provides sufficient 
delay. 




















Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 


The MCU can be interrupted by applying a logic low 
signal to the IRQ pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the IRO pin is sensed to indicate an interrupt. 


EDGE-SENSITIVE OPTION 


When the IRQ pin is-pulled low, the internal interrupt 
request latch jis set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt.mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. - 

The interrupt sequence consists of one cycle during 
which: 


the interrupt request latch is. cleared; 

the interrupt mode flags are selected; 

the program counter (PC) is saved on the stack; 
the interrupt mask is set; and 

the IRO vector jump address is loaded into the PC. 

























O—- DORs 
1 —+ INTERRUPT MASK 
O—+ INTERRUPT REQUEST 


: FETCH 
INSTRUCTION 












LATCH (E0GE EXECUTE 
SENSITIVE OPTION) 
$F TCR 
$00 — TSCR 
$FF > PRESCALER 





WAS 
INSTRUCTION 
AN RTI 
? 
















CLEAR 
INTERRUPT 
MASK 


SELECT 
PROGRAM 

MODE. 

FLAGS 


LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 


LOCATION 
SFFEISFFF 
















The IRQ vector jump.address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump: Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start- 
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared. and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv- 
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt’s 
processing, the second interrupt’s sequence can not be- 
gin until completion of the interrupt service routine for 
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Figure 6. Reset and Interrupt Flowchart 
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the first interrupt. Completion of an interrupt service rou- 
tine is always accomplished using an-RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI! instruction. 


LEVEL-SENSITIVE OPTION 


Actual operation of the level-sensitive and edge-sen- 
sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 
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Figure 7. ! 
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interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 


POWERUP AND TIMING 


During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). 

To open the interrupt mask, the user should do a JSR: 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 





Pee rere cee reescceeceseseseeseseseseene 
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Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 


TIMER 


A block diagram of the MC6804P2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of.a simple 8-bit counter called the timer counter. 
This counter is decremented by a.7-bit prescaler at a rate 
determined by the timer: status/control register (TSCR). 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-29, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tpyte, 
which is (fogc/48). 


TIMER INPUT MODE 


In the timer input mode, TOUT is logic zero and the - 


TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control to tell when the counter 
register has reached zero. 


TIMER OUTPUT MODE 


In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fos¢/48). From this point on, operation is similar to that 


described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 ea 
to become direct:input to the TIMER pin. 


NOTE 


TMZ is normally set to logic one when TCR dec-. . 
rements to zero and the timer times out. However, 

it may be set bya write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be read or written. 








7 ; 0 
MSB LSB 
RESET: 


ee pe eeanere aaa ees oe 


Ca [Poo Toor Dot [oe [re | 


RESET: 
oO 0 0 0 0 0 0 0 


TMZ — Timer Zero 
1=Timer count register has decremented to zero 
since the last time the TMZ bit was read. 
0=This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 
Bit 6 
Not used by this register. 
TOUT — Timer Output 
1 = Output mode is selected for the timer. 
0=Input mode is selected for the timer. 
DOUT — Data Output 
Latched data at this bit is sent to the TIMER pin when 
___ both the TMZ and TOUT bits are logic high. 
PSI — Prescaler Initialize 
1=Prescaler begins to decrement. 
0=Prescaler is initialized and counting is inhibited. 
PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 


| psi | Pso | Divide By 








po fo} 1 | 
fea tlie ee 
Eee ee ae 
ee a 
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fe al ell 3. nize =] 
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Figure 8. Timer Block Diagram 
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It is recommended that MVI or load immediate and 
storing instructions be used when changing bit values in 
the TSCR. Read-modify-write instructions can cause the 
TMZ to assume an unexpected state. 

During reset, the TSCR is set to all zeros; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
ofthe 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 


6 0 
MSB LSB 
RESET: 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 


[_rinaion moni 
[toed VP fom Memory 
[store Ain Memory TA 
ak ee. a 
[subtest fom A SSSSC*dC 
FANO MemonytoASSSdCAND 
=a 
a 
ava 
<a 
















Clear A 





LDY 

STA 

ADD 

SUB 

AND 

TAX 

TAY 

TYA 

TPA. 
| cura | 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read'a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 


| Function 
Increment A . ; 


BRANCH INSTRUCTIONS 




















This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list ‘of instructions. 











Franch if Notequal———SSSSCSC~*wSCi 
Franch fequel_—=—SsC~=~C*~“‘~*~*srCi 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of data space where all port 
registers, port DDRs, timer, timer control, and.on-chip 
RAM reside. An additional feature allows the software to 
test and branch on: the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 


BRSET n(n=0... 7) 


BRCLR n(n=0... 7) 
BSET n(n=0... 7) 
BCLR n(n=0... 7) 


CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 


Branch lf Bit n is Set 


Branch If Bit nis Clear . 
Set Bit n 
Clear Bitn | 





MOTOROLA MICROPROCESSOR DATA. 


3-326 





MC6804P2 


register operand. Refer to the following list of instruc- 


tions. 


| Function | Mnemonic | 
|NoOperation | NOP 















Jump to Subroutine 
Jump Unconditional 


IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist: Some of 
_ the instructions recognized and translated by the assem- 
bler are shown below: 


Mnemonic | Becomes | Mnemonic | Becomes 
ASLA 
BHS 
BLO 
CLRA 
CLRX 
CLRY 














asia [apo ser fincxincseo | 
sus face icy fincsen 
sco fecs_ tox | mv sa0 Dara | 
cura [suse [tov | mvi set para | 
crx |mvisso #0 [Nop | Bea (pc) +1_| 
cory [mvissi¢o [tax |staseo | 





Some examples of valuable ‘instructions not specifi- 
cally recognized by the assembler are shown’below: 


| _-Mnemonic | Meaning 


BRCLR 7, $80 Branch if X is plus (BXPL) 
BRSET 7, $80 






















Branch if X is minus (BXMI) 


BRCLR 7, $81 Branch if Y is plus (BYPL) 
BRSET 7, $81 Branch if. Y is minus (BYMI) : 


OPCODE MAP 


Table 1 is a listing of all the- instruction set opcodes 
applicable to the MC6804P2 MCU. 






ADDRESSING MODES 


The MCU has‘nine different addressing modes to pro-- 


vide the programmer.with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address” (EA) is used in 


describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE. 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such.as a constant 


_ used to initialize a loop counter. 


DIRECT 


In the direct addressing mode,.the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two- 
byte instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80; $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re- 
spectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of.the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, suchas JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
—15 to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to. see that it is within the span of the branch. 


BIT SET/CLEAR 


_ Inthe bit-set/clear.addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 
struction. 


CAUTION 


. The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $04, $05, and $06). 
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Table: 1. Opcode Map 
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Abbreviations for Address Modes : : : LEGEND 

INH ~ Inherent , . . indicates Instruction Reserved for Future Use ; 

$-D Short Direct # Indicates Illegal instruction | . 

8-T-B Bit Test and Branch 2 : Opcode in Hexadecimal 
iMM — Immediate ° : : 
“DIR Direct” oh : : Cycles i 

EXT Extended : : Mnemonic: Opcode in Binary 


REL - Relative : : ; a Bytes= 
BSC’ Bit Set/Clear ; : 


R-IND Register Indirect Address Mode 





Zdv0899IN 


MC6804P2. 


A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write func- 
tions, they cannot be used to set or clear a DDR bit; 
all “unaffected” bits would be set. Write all DDR 
bits in a port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The data space address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The third byte is sign extended to twelve 
bits and becomes the offset added to the PC if the con- 
dition is true. This single three-byte instruction allows the 
program to branch based on the condition of any read- 
able bit in the 256 locations of data space. The span of 


branching is from —125 to +130 from the opcode ad- 
dress. The state of the tested bit is also transferred to the 
carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


This device contains circuitry to protect the in- 





[Rating —*(Synbal] Vane | Unt 
sappy vonage Sd Cee | nasto o70 |v 
FiaputVatage id in | waste +720 |v 
[Operating Tenperture Range Gommi| ta | ot070 | ~c 
[Oneatng Tener Regen) | Ta | aoe +08 | 0 | 


Storage Temperature Range 


puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vjn and Voyt be con- 
strained to the range Vss < (Vin OF Vout) = Vcc: 
Reliability of operation is enhanced if unused in- 
puts except EXTAL are connected to an appro- 
priate logic voltage level (e.g., either Vgg or Vcc). 


Tag | S510 +160 | | 


Junction Temperature 
Plastic ; 
PLCC 
Cerdip 





THERMAL CHARACTERISTICS 


Symbol bal). Yelet_ nt 


Thermal Resistance 
Plastic 
PLCC 

Cerdip 






POWER CONSIDERATIONS For most applications PpgoRT<Pinqt and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tpat (Pp ya) (1) PPORT is neglected) is: 
where: Pp=K+(Ty + 273°C) (2) 
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 
8j4 = Package Thermal Resistance, K=Pp ¢ (Ta + 273°C) + JArPD2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. 
Pp = Pint+Pport K can be determined from equation (3) by measuring Pp 
PINT =Icc x Vcc, Watts — Chip Internal Power (at equilibrium) for a known T,. Using this value of K, 


PporT = Port Power Dissipation, 
Watts — User Determined 


the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 
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ELECTRICAL CHARACTERISTICS (Vec= +5.0 Vde+0.5 Vde, Vss=GND, Ta=0°C to 70°C, unless ‘otherwise noted) 








Input High Voltage 


Input Low Voltage eo. 
Input Capacitance : : 
input Current (IRQ, RESET) ; ; ; 





SWITCHING CHARACTERISTICS (Vcc= +5.0 Vdce+ 0.5 Vdc, Vgg = GND, Ta =0°C to 70°C, unless otherwise noted) 


a ce win] 

Meme re os —— ee | 7 

Sr aT ee 
ieiecenti@l a= ee ee 

FRG end TIMER Fuse Wists ty | ato | 

[RESET uso wan texte | I 















Vee =5.2 V 9 Wee =5.2V 


TEST MM06150 TEST MMD6150 


POINT _ OR EQUIV. 






4k POINT - ‘OR EQUIV. 





10 kQ 
© TEST POINT 7] ee 
40 pF mmo7000— “AR 30 pF (TOTAL) MMO07000 
(TOTAL) -OR EQUIV. | _ (TOTAL) OR EQUIV. 
Figure 9. LSTTL Equivalent —_ Figure 10. CMOS Equivalent Figure 11. LSTTL Equivalent 
Test Load (Port B) ; Test Load (Ports A, B, C) Test Load (Ports A, C, 


and TIMER) 


(a) OSCILLATOR — @1-62 TIMING Cor 
62 | | Hee ee | ee | 
_ tb) 61 — SYNC TIMING - . . 
SYNC | eo = ee | | 


Figure 12. Clock Generator Timing Diagram 


MOTOROLA MICROPROCESSOR DATA 
3-330 





MC6804P2 . 


PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc= +5.0 Vde +0.5 Vde, Vgg=GND, Ta =0° to 70°C, unless otherwise noted) 


[| charseteistie “| Symmbot_| in 


Ports A, C, and Timer (Standard) 






















Output Low Voltage, ILoaq=0.4 mA —|—vo._| = = 
Output High Voltage, ILoad= - 50 wA [vow | 23 | — | 


Input High Voltage VIH 


a ree 


Input Low Voltage 













| 20 | — | ce 











mm | — 


Hi-Z State Input Current 












































Ports A and C (Open Drain) 

Output Low Voltage, ILgad=0.4 mA Vo = — 
Input High Voltage - Voc v 
Input Low Voltage -0.3 ae 0.8 Vv 
Hi-Z State input Current ITS| _ a 40 pA 
Open Drain Leakage (Vout=Vcc) I = | a | 40 pA 

Ports A and C (CMOS Drive) 
Output Low Voltage, lL oaq=0.4 mA (Sink) a re eee ee 0.5 V 
Output High Voltage, ILoag= —10 pA VOH Vec-1.0 = = Vv 
Output High Voltage, ILoad= —50 pA ° VOH 2.3 _ | — | Vv 

















Input Low Voltage, ILoag = — 300 A Max VIL ~0.3 — 0.8 ve 
Hi-Z State Input Current (Vin =0.4 V to Vcc) ITs! = oe. ~ 300 A 
Port B (Standard) 


Ee Se ee ee es ee Vv 
Output Low vr oad = 10 mA (Sink) ee re _ ov 
= - Vv 
Vv 

V 





Input High Voltage eee = Vv 


= 08 
nh | — | 8 80 BA 


Port B (Open Drain) 


Input Low Voltage 
Hi-Z State Input Current 





























Output Low Voltage, I_gag=1.0 mA __VOL — —_ 0.5 V 
Output Low Voltage, It 9ad=10 mA (Sink) VOL — | — 1.5 Vv 
Input High Voltage ViH 2.0 _ Vec Vv 
Input Low Voltage _ Vib 20g a 08 V 
it) | = | 8 80 wa _| 
it=Vec) ILop use 8 | 80 pA _ 








Open Drain Leakage (V_ 
a: Port B temos Drive) 











Output Low Voltage, Io ad = 1.0 mA 
Output High Voltage, lt gag = 10 mA (Sink) 
Output High Voltage, lt gaq= —10 pA 














= 100 wA oe 
Input High Voltage, l_oaq= — 300 yA Max 


Output High Voltage, ILoad= 











Input Low Voltage, | gag= — 300 pA Max 
Hi-Z State Input Current (Vin=0.4 V to V 






















+1.0V 
input Low Current Vi, =0.8 V He 
*Denotes not tested unless specified on ordering form. 


Input High Current Viy=V. 
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Ip, LOW-LEVEL OUTPUT CURRENT (mA) 


200 300 400 500 600 
Voz. LOW-LEVEL OUTPUT VOLTAGE (mV) 


Figure 13. Typical VoL vs lo” 
for Port A and TIMER 


ign. HIGH-LEVEL OUTPUT CURRENT (nA) 


Von. HIGH-LEVEL OUTPUT VOLTAGE (V) 


Figure 15. Typical Voy vs IoOH 
for Port A with CMOS Pullups 


toy. HIGH-LEVEL OUTPUT CURRENT (A) 





3.5 
Vou, HIGH-LEVEL OUTPUT VOLTAGE (V) 


4.0 45 


Figure 17. Typical VoH vs Io for Port B 
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lon. HIGH-LEVEL OUTPUT CURRENT (yA) 











eee 
0 3.5 


20.. 25 3. 4.0 45 5.0 
Vou. HIGH-LEVEL OUTPUT VOLTAGE (V) 
X.= SPEC PT. 
Figure 14. Typical Von vs IOH 
for Port A and TIMER 
10 














EXPECTED , s 


MAX 5.5 V7 
-— 40°C s 


+7 































mo wo FH Ds CO wo 














Igy, LOW-LEVEL OUTPUT CURRENT (mA) 











Oo 


300 
Voy. LOW-LEVEL OUTPUT VOLTAGE (mV) 


0 100 200 400 


X = SPEC PT. 
Figure 16. Typical VoL vs Io for Port B 





loy, HIGH-LEVEL OUTPUT CURRENT (A) 





45 5.0 
‘ee HIGH-LEVEL OUTPUT VOLTAGE (V} 


35 4.0 
X = SPEC PT. 


Figure 18. Typical VOH vs loH 
for Port B with CMOS Pullups 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 

Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file) may be submitted for pattern genera- 
tion. They should be programmed with the customer's 
program, using positive logic sense for address and data. 
The diskette should be clearly labeled with the customer's 
name, date, project or product name, and the filename 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 

MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO otuput of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 


MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 


EPROMS 

Four K of EPROM are necessary to contain the entire 
MC6804P2 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM is programmed with the 
customer’s program using positive logic sense for ad- 
dress and data. Submissions on two EPROMs must be 





MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


clearly marked. All unused bytes, including the user's 
space, must be set to zero. 

If the MC6804P2 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM adaress $018 to $05F, 
and program space ROM runs from EPROM address $C00 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the. verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- . 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature: These RVUs are free with the 
minimum order quantity, but are not production parts. 


_ These RVUs are not guaranteed by Motorola Quality As- 


surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type and temperature for the 
MC6804P2. This MCU device is available in both the 28- 
pin plastic dual-in-line (DIP) and the 28-lead PLCC pack- 
age. 


Generic Information 


Package Type 


Plastic 
(P Suffix) 


Plastic Leaded 
Chip Carrier 
(FN Suffix) 


Temperature Order Number 


0°C to 70°C MC6804P2P 
— 40°C to +85°C | MC6804P2CP 








0°C to 70°C MC6804P2FN 
—40°C to +85°C | MC6804P2CFN 


IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 
PIN ASSIGNMENTS 


28-PIN DUAL-IN-LINE PACKAGE 





EXTAL 
c 
iRd 
S 
RESET 


XTAL 
MoS 

TIMER 
Pco 
PCI 
PC2 
PC3 
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TECHNICAL DATA 7 MC68704P2 


Technical Summary 
HMOS Microcomputer Unit 


MC68704P2 HMOS (high-density NMOS) microcomputer unit (MCU) is an EPROM member of the 
M6804 Family of microcomputers. User programmable EPROM allows program changes and. lower 
volume applications. This feature further heightens the versatility of an MCU whose design-ability 
to process 8-bit variables, one bit at a time, already makes it tremendously cost effective. 

This technical summary contains limited information on the MC68704P2. For detailed information, - 
refer to the advanced. information data sheet for.the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers, (MC6804J1/D) or to the M6804 MCU Manual (DLE404/D). . 

Major hardware and software features of the MC68704P2 MCU are: 


e On-Chip Clock Generator @ Breakpoint and Mask Option Registers 





e \/O and Registers Mapped in Data — @ Self-Check - ©. 

Space Memory | @ Conditional Branches 
© Software Programmable.8-Bit Timer © Timer Pin is Software Programmable 

with 7-Bit Prescaler = ~~ as Event Counter or Timer Output 
@ Single Instruction Memory Examine/ © MC68HC04P2/P3 Pin Compatibility 

Change — ee @ 32 Bytes of RAM __ . | 
@ MC6804J1/J2/P2 Emulation 
© 1088 Bytes of EPROM | User selectable options are: a . 
@ True Bit Manipulation “@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 
@ Bit Test and Branch Instruction @ Push-Pull or Open-Drain Interface Ports 

BLOCK DIAGRAM 


| 8-BIT XTAL  EXTAL RESET MDS/Vpp_ RQ 
TIMER : 
PRESCALER | pouwten , 
TIMER/STATUS 
CONTROL REGISTER OSCILLATOR 


ae PBO 
ACCUMULATOR PBI 
A PORT 
Sarath PORT | PORT oo B 
ia [es PB4 1/0 
a PBS LINES 
PBE 


INDIRECT 
REGISTER x 











PAO 


PAI 
PORT pao INDIRECT BREAKPOINT 
PB7 
A pag PORT | DATA REGISTER REGISTERS 
0. pas A DIR. CPU 30 x8 
LINES PAS EG oS EE: ae ae 
STACK. MASK OPT. REG. 
PAG 
PA7 





USER PROGRAM EPROM/- 
320 x 8 






“PROGRAM DATA ae 
COUNTER DIR. 
Wii: SPE ae PC2 110 
ALU PC3 LINE 
PROGRAM . 
COUNTER “ 
DATAEPROMS = 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5 volts (+0.5 V) power, and Vsg is 
ground. 


IR 


This pin provides the capability for asynchronously ap- - 
plying an external interrupt to the microcomputer. 


4P2 


TIMER 

The TIMER pin can be configured to operate in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 


RESET 
‘The RESET pin is ‘ied to restart the processor to the 
beginning ofa program. The program counter is loaded 


with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating move of the MCU. 


EXTAL AND XTAL 
These pins provide control input for the on-chip clock 








oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is:made through the 
mask option register (MOR). The different clock generator 
options are shown in Figure 1, along with crystal speci- 
fications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board ‘oscil- 
lator, the MCU should remain‘in a reset condition, with 
the RESET pin voltage below VijpEsS+, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 








NC 
EXTERNAL 


EXTAL 
MCU 


CLOCK XTAL (CRYSTAL MASK 
INPUT OPTION) 
EXTERNAL CLOCK 
: {a} 
CRYSTAL PARAMETERS cy 
Rg 
EXTAL 4 XTAL 5 





CRYSTAL PARAMETERS 
"AT —CUT PARALLEL RESONANCE CRYSTAL 
Cg=7 pF MAXIMUM 
FREQ. = 11 MHz 
Rg = 50 OHMS MAXIMUM 


PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S |. CERAMIC RESONATOR 
SPECIFICATIONS... ... : 7 


NOTE: Keep crystal leads and circuit connections as short as possible. 





MDS/Vpp 
The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 


* of the reset state, the decoded state of PA6 and PA7 is 


latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program- 
ming. However, if MDS is logic low at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc.. 
are required for single-chip mode selection. This pin is 
raised to Vpp voltage to program the EPROM. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). All lines are programmable as 











EXTAL 






XTAL 
MCU 


(RESISTOR-CAPACITOR MASK 
OPTION) 


(* DENOTES NC/GNO. GROUNDING 
PIN 4 WILL REDUCE RFI NOISE.) 


EXTERNAL RESISTOR-CAPACITOR 








XTAL 





McuU 
(CRYSTAL MASK 


EXTAL 
tg OPTION) 


_ CRYSTAL 


Figure 1. Clock Generator Options and Crystal Parameters 
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f, FREQUENCY (MHz) 


MC68704P2 


eww 15 pF AT 25°C 
mem — 22 pF AT 25°C 


ome 36 pF AT 25°C 
seccsoeeeee 50) pF AT 25°C 





Ri, LOAD RESISTANCE (kQ) 
(a) TYPICAL FREQUENCY VS RESISTANCE 











f, FREQUENCY (MHz) 





Veg, SUPPLY VOLTAGE (V) 
(b) TYPICAL FREQUENCY VARIATIONS @ C, =15 pF, 10 k® 




















f, FREQUENCY (MHz) 








Vcc. SUPPLY VOLTAGE (V) 


(c) TYPICAL FREQUENCY VARIATIONS @ Cy =50 pF; 3 kQ.. 


Figure 2. Typical Frequency Selection for .. 
Resistor/Capacitor Oscillator Options 


either inputs or outputs under software control of the 
data direction: registers. 


PROGRAMMING - 


INPUT/OUTPUT PROGRAMMING 


There are 20 input/output pins. All pins of ath port 
are programmable as inputs or outputs under the control 
of the data‘direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR'to a logic one for 
output, or a logic zero. for input, as shown. in Figure 3. 
When the registers are programmed. as. outputs, the 
latched data‘is readable regardless of the logic levels at 
the output pin due to output loading. 

All: the I/O pins are LSTTL compatible as both inputs 
and outputs. In addition, -all three ports may use either 
or both of two output options: open drain or push-pull. 

Any write to a port-writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid 


undefined outputs. However, care must. be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an. output. . : 

The 20 bidirectional lines may be configured by port 
to be the standard configuration, push-pull, or open drain. 
Port B outputs are LED compatible. ; 


‘Port Data Registers ($00, $01; $02) 


The port data registers are not initialized on reset. These 
registers should be ‘initialized. before changing the DDR 
bits to avoid undefined levels. 


Port A ($00) and Port B ($01) - 


7 6 oe ee 2 1 0 
Port C ($02) 


7 a) 4 Si he A 0 
ec Le" Fe 
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DATA 
DIRECTION REGISTER 


wn 
zs 
ze — QUTPUT 
eg DATA 
22 BIT 
o 











DATA 
, DIRECTION ouTPUT | INPUT 
REGISTER. DATA OUTPUT TO 
BIT BIT STATE MCU 








0- 0 
1 1 
HI-Z PIN 


*For CMOS option transistor acts as resistor (approximately 40 kQ) to Vcc. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vcc. 


Figure 3. Typical I/O Port Circuitry 


With regard to Port C only, the four MSB bits are un- 
used. These bits are ‘‘don’t care” (X) bits when written 
' to but are always logic high when read. 


‘ Port Data Direction Registers ($04, $05, $06) 

Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin’s corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 


Port A ($04) and Port B ($05) 


7 6 5 4 Bee Qe 1 0 
Port C ($06) 


7. 6 5 4 3 2 1°. 0 
oe ek) keels [eee 
With regard to Port C only, the four MSB bits are un- 


used. These bits are “don’t care” (X) bits when written 
to but are always logic high when read. 


‘tions. ° 


MEMORY 


The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory and I/O register locations. This 
MCU has three separate memory spaces: program space, 
data space, and stack space. 7 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 


- gram space memory includes self-check ROM, program 


EPROM, self-check vectors (mask ROM}, user program 
vectors (EPROM), and reserved memory locations. 

A non-accessible subroutine stack space RAM. is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 


register. This register is used with inherent addressing 


to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80.and: $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data:space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 


MOTOROLA MICROPROCESSOR DATA 


3-338 





MC68704P2 


BYTES ADDRESS BYTES ADDRESS 







0000 



















$000. 000 


PORT A DATA REGISTER 
PORT B DATA REGISTER 
PORT C DATA REGISTER 


$00. 
$01 


$02 


RESERVED ‘ 003 


$03 
(2656 BYTES) 


$04 


(2 BYTES) 


TIMER STATUS CONT. REG. 


$05 


$06 
$07 
$08 


2751 
2752 


SELF-CHECK ROM 009 

(320 BYTES) ‘ 
RESERVED 
(4 BYTES) 


_ BREAKPOINT REG. (LOW) 
. BREAKPOINT REG. (HIGH) 


RESERVED 
(7 BYTES) 


3071. 
3072 





















$BFF 013 
$c00 : 914 





$OF 





016 


PROGRAM EPROM | 022 
(1016 BYTES) ae 


024 


$16 
$17 


$18 


EPROM MASK OPTION REG. 


USER DATA SPACE EPROM 


(72 BYTES) 
4087 FF? 095 


$5F 






4088 SELF-CHECK IRO VECTOR SFB 096 RESERVED $60 
4089 (MASK ROM) SFFQ a (32 BYTES) 7 
4090} SELF-CHECK RESTART vector | SFA . 128 $80 
4092 ee ae SFC 129 INDIRECT REGISTER Y $81 
4093 (EPROM) SFFO 130 USER DATA SPACE RAM $82 


. (30 BYTES) 
4094} USER RESTART VECTOR SFFE | ‘es 


- 4095 (EPROM) | SFFF 160 





RESERVED 


PROGRAM SPACE (93 BYTES) 


er 
ee 


STACK SPACE 


SFC 
SFO 


252 
253 










PRESCALER REGISTER 


TIMER COUNT REGISTER 
ACCUMULATOR 


DATA SPACE 


254 SFE 


255 SFF 


Figure 4. Memory Map 


fs 
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REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


~ 
o 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 


~ 
| 
Qo 


~ 
Qo 


| 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address: of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 


11 87 0 
PCH PCL 


Q 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. ° 


NORMAL FLAGS 





INTERRUPT FLAGS 


There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


STACK 


A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12-bits wide. Whenever a subroutine ca!! or 
interrupt occurs, the contents of the PC are shifted inte 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out-of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and al! lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


SELF CHECK 


The MCU implements two forms of internal check: self 
check and the verify mode phase of- EPROM program- 
ming. Self check performs an extensive functional check 
of the MCU using a signature analysis technique. For 
information on the verify mode in EPROM programming, 
see application note, MC68704P2 8-Bit EPROM Micro- 
computer Programming Module (AN-942). 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. Monitoring the self-check mode's stages 
for successful completion requires external circuitry, see 
Motorola’s M6804 MCU Manual {DLE404/D). 





RESET 


RESET 


All resets of the MC68704P2 are caused by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for.a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize. and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below typically provides sufficient 
delay. 




















Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT . 


The MCU can be interrupted by applying a logic low 
signal to the IRQ pin. However, a bit in the mask option 
register (MOR) determines whether the falling edge or 
the actual low level of the IRQ pin is sensed to indicate 
an interrupt. © iia 


EDGE- SENSITIVE OPTION 
When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 
The interrupt sequence consists of one cycle during 
which: 
the interrupt request latch is cleared, 
the interrupt mode flags are selected, 
the program counter (PC) is saved on the stack, 
the interrupt mask is set, and 
The IRQ vector jump address is loaded into the PC. 


RESET 




















0 — DDRs 
1 —+ INTERRUPT MASK 
O—+ INTERRUPT REQUEST 
LATCH (EDGE 
SENSITIVE OPTION) 
SFF—+ TCR 
$00 — TSCR 
SFF —+ PRESCALER 


FETCH 
INSTRUCTION 
EXECUTE 
INSTRUCTION 


WAS 
INSTRUCTION 
AN RTI 

? 




















SELECT 
PROGRAM 
MODE 
FLAGS 







CLEAR 
INTERRUPT 
MASK 









PUT SFFE 
ON 
ADDRESS 
BUS 









SELECT 
PROGRAM 
MODE 
FLAGS 


Low 


LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 


LOCATION 
SFFEISFFF 


INTERRUPT 
MASK 
SET? 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in. the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, it is essential 
that the vector contents specify a.JMP instruction in ad- 
dition to the starting address of the interrupt service rou- 
tine. If required, this routine should save the values of 
the accumulator and the X and Y registers, since these. 
values are not stored on the stack... 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv- 
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt’s 
processing, the second interrupt’s sequence can not be- 
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou- 

























CHECK 
INTERRUPT 
REQUEST 
LATCH 
OUTPUT 










SENSITIVE 
INTERRUPT 
OPTION 2 





CHECK LOGIC 
LEVEL OF 
TRO PIN 





























CLEAR 
INTERRUPT 
REQUEST 
LATCH 









SELECT 
INTERRUPT 
* MODE 
FLAGS 













STACK 
PROGRAM 
COUNTER 
(PC) 












SET 
INTERRUPT 
MASK 










LOAD PC 
FROM IRQ 
VECTOR 

(SFFC/SFFD) 







Figure 6. Reset and Interrupt Flowchart 
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tine is always accomplished using an RTI instruction to 
return to-the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION 


Actual operation of the level- sensitive ‘and edge-sen- 


sitive options are similar. However, the level-sensitive 
option does not have an interrupt request’ latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ. pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 






























JMP-START - 
VECTOR (FFE-FFF) 


Peer eeeseerverereerescevecvcese 





START (ROUTINE) 
‘INSTRUCTION (I-N) 


LAST INSTRUCTION 
JSR INIT 


PROGRAM 





iRO 
RECOGNIZED 





ira 
SERVICE 
ROUTINE 


LAST INSTRUCTION 
RTI 


PROGRAM 


weer 


eeeee 


POWERUP AND TIMING. 


During the powerup sequence, the interrupt mask is 
closed. This precludes any. false interrupts. The PC is also. 
loaded with the appropriate restart vector (jump instruc- 
tion). 

To open the interrupt eeu the user r should do.a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt: mask. Typ- 
ical RESET and iRO processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags.’ 





Pere eeeerccesererescereererseeses 








INTERRUPT. 
MASK 
CLOSED 
INIT 
INITIALIZATION 
SUBROUTINE 
LAST INSTRUCTION 
RTI 
MASK 
OPEN 
INTERRUPT 
MASK 
CLOSED 
MASK 
OPEN 


Figure 7. Interrupt Mask 
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MICROCOMPUTER INTERNAL BUS 


"READ WRITE 


PRESCALER 


‘SELECT 
INITIALIZE 
@ 







WRITE READ READ 







8-BIT COUNTER 





TIMER 
PIN 











1-0F-8 TIMER COUNT REGISTER 


(TCR) 






TIMER STATUSICONTROL 
REGISTER (TSCR) 










/X 
ae, ee a CT ee oe 
: LATCH | 





. TIMER PIN STATUS 
PRESCALER | TIMER 
TOUT © CLOCK PIN 
TIMER PIN: INPUT MODE 
SYNC OUTPUT MODE 








Figure 8. Timer Block Diagram ~ 
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TIMER 


A block diagram of the MC68704P2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-29, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a. value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. . 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tbyte, 
which is (fog¢/48). : 


TIMER INPUT MODE 


In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin. clock input by the 
prescaler tap. The prescaler output.then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit.can be 
tested under program control to: tell when the counter 
register has reached zero. 


TIMER OUTPUT MODE 


In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to. become direct input to the TIMER pin. 


NOTE 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be read or written. 


7 0 
MSB LSB 


RESET: | 
1 1 Be a 1 1 1 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6 5 4 3 2 1 0 
Lam | — | rout | oour | Psi_| ese | esi_| eso | 


RESET: | 
0 0 0 0 0 0 0 0 


TMZ — Timer zero 
1=Timer count register has reached the all zero’s 
state since the last time the TMZ bit was read 
0=This bit is cleared by a read of the TSCR if TMZ 
is.read as logic one 
Bité ae 
Not used by this:register 
TOUT — Timer output — 
1=Output mode is selected for the timer | 
0=Input mode is selected for the timer 
DOUT — Data output 
Latched data at this bit is sent to the TIMER pin 
___ when both the TMZ and TOUT bits are logic high. 
PS! — Prescaler initialize 
1=Prescaler begins to decrement 
0=Prescaler is initialized and counting is inhibited 
PSO—PS2 . 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: .- 





It is recommended that MVI or loading and storing 
instructions be used when changing bit values in. the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 
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During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 

The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 


6 0 
MSBO . LSB 
RESET: 
1 1 1 1-4 1 1 
EPROM 


BREAKPOINT REGISTERS 

The breakpoint registers are used as a program de- 
bugging aid. To enable the breakpoint registers: 

— The MDS pin must be pulled high using a 300 ohm 

resistor to +5 volts. 

— in the Port A I/O register, both PA6 and PA7 pins 
must be pulled low using a 10 kilohm resistor to 
ground. 

A breakpoint address is written into address registers 
ARL and ARH by the user. The lower eight bits of the 
breakpoint address (A0-A7) are. written into the ARL. The 
upper four bits (A8-A11) are written into the ARH. . 


pica Address a Low is as 


eT Te Te Te Ds To De 


RESET: 
0 0 0 0 0 0 0 0 


A7-A0 
Breakpoint address bits A7 through AO. 


Breakpoint Address Register High (ARH) ($0F) 

7 6 5 4 3 2 1-0 
Ex [tx | x | x fan | ao | ae | 8 | 
pe 0 0 0 .0 0 0 


A11-A8 
Breakpoint address bits A11 through A8. 


NOTE ; 
ARL must be written after writing to ARH. 


ARL and ARH are concatenated to form the breakpoint 
address. When the processor fetches an instruction hav- 
ing the same address as the breakpoint address, the MDS 
pin goes logic low for one machine cycle. This operation 
does not alter program flow. 


MASK OPTION REGISTER (MOR) ($17) 
The MC68704P2 uses the EPROM MOR during emu- 
lation to select the clock/oscillator,. port, and interrupt 


request.edge- and level-sensitive triggering options avail- 
able on the MC6804J1/J2/P2 devices. The mask option 





register is not affected by RESET. 





OSC — The oscillator option bit 
1=Resistor/capacitor mode of operation 
0=Crystal mode of operation 
The crystal mode is selected in the EPROM pro- 
gramming mode, regardless of the state of OSC. 
PORT A — Port A output selection bit 
1=Open drain output mode 
0=Three-state output mode 
PORT B — Port B output selection bit .. 
1=Open drain output mode 
0=Three-state output mode 
PORT C — Port C output selection bit 
1=Open drain output mode 
0=Three-state output mode 
iRO — Interrupt request bit 
1=Level-sensitive triggering input mode 
0=Edge-sensitive triggering input mode 
Bits 6, 4, and 0 - 
Not used in this register 


Emulation 


The MC68704P2 MCU internal EPROM can be pro- 
grammed to emulate either the MC6804J1, MC6804J2, 
or the MC6804P2 MCU device. While the M6805 Family 
of EPROM MCUs have an on-chip bootstrap-loader pro- 
gram stored in mask ROM, the MC68704P2 does not. 
Additional programming hardware and software are re- 
quired to program this MCU EPROM. For more specific 
information regarding the programming and erasing of 
the MCU EPROM; see application note, MC68704P2 8-Bit 
EPROM Microcomputer Programming Module (AN-942). 


Emulation Limitations 


This EPROM MCU is designed to emulate the functions 
of the MC6804J1/J2/P2 devices as closely as possible. 
Limitations to this capability pertain to the CMOS pull- 
up option, execution out of data space, and packaging 
pin assignments of the MCU being emulated. The limi- 
tations do not apply to the timing, execution speed, or 
functionality of the MCU being emulated. 

This MCU cannot emulate the CMOS pullup option. To 
implement the CMOS option, external 40 kilohm pullup 
resistors are connected to the specific /O port signal lines. 
All other options are available through correct use of the 
MOR bytes. 

It was necessary that the PC of this MCU have access 
to both the program and data space EPROM because of 
the implementation of the MCU programming hardware. 
Therefore, the MC68704P2 wil! execute code out of the 
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Figure 9. Programming Module Schematic 





Notes: 


F 
2. 
3. 


Pins 1, 8, and 15 connected to GND for devices UZ and U3. 
Pin 16 connected to +5 V for devices U2 and U3. 

Pin 7 connected to GND,. and pin 14 connected to +5 V for 
devices U1 and U4. 


+5V 
RI7 
Tk 
+SV 
cw 
O11 WE 
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data space EPROM ($18-$5F). This anomaly is not per- 
mitted on the MC6804J1/J2/P2 ROM devices. When plan- 


ning on operating ROM patterns from this EPROM MCU, 


the programmer should not use data space as extra pro- 
gram space. , 

The MC6804J1/J2 devices are packaged in 20-pin dual- 
in-line (DIL). The MC6804P2 and the MC68704P2 devices 
are packaged in 28-pin DIL packages. Device pin assign- 
ments must be adhered to. When emulating a 20-pin 
MCU with this EPROM MCU, all unused pins (PAO-PA3, 
PCO-PC3) should be grounded externally through a 10 
kilohm resistor. This allows the MC68704P2 to emulate 
the software execution exactly as it would occur on the 
20-pin device. 


EPROM ERASING 


This MCU EPROM is erased by exposure to a high in- 
tensity ultraviolet light (UV) with a wavelength of 2537 
Angstrom. The recommended dosage is 15Ws/cm2, (UV 
intensity at EPROM surface/area to be erased). UV ijamps 
should be used without filters. The MC68704P2 should 
be positioned about one inch from the UV source. The 
duration of the exposure is a function of the radiant 
strength of the individual UV source. 


EPROM PROGRAMMING HARDWARE 


The MC68704P2 programming module, shown in Fig- 
ure 9, is used to program the MC68704P2 MCU EPROM. 
To do this, the module requires a 2K EPROM of the 2716 
type, a +5 Vdc power supply, and either a MC68705P3 
or MC6805P2 MCU as the module MCU. For more specific 
information regarding the hardware and procedures nec- 
essary to program the MC68704P2; see either the ad- 
vanced information data sheet for MC6804J1, MC6804J2, 
MC6804P2, and MC68704P2 8-bit microcomputers 
(MC6804J1/D) or application note, WC68704P2 8-Bit 
EPROM Microcomputer Programming Module (AN-942). 


INSTRUCTION SET 


The MCU has:a set of 42.basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. : : 


[Fanetion | Mnemonic] 















Store A in Memory: , 
Add to A i : 
Subtract from A ; ; 









AND Memory to A 


AND 
aA 
CLRX 


Arithmetic Compare with Memory 
Move Immediate Value to Memory 
Arithmetic Left Shift of A ; ASLA 

Oo 










P 
Vi 
Complement A COMA 
Rotate A Left and Carry 
Transfer XP toA PA 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 


increment Memory Location ; IN 














C 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. 


| Fumetion 
[Branch if Higher orSame | (BHS) 
Branch ifNotEqual | BNE 

| _| sea | 



















Branch if Equal 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of data space, where all port 
registers, port DDRs, timer; timer-control, and on-chip 
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RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed. in the carry bit of the condition code 
register. Refer to the following list of instructions. 


Branch If Bit n is Set "  BRSET n(n=0 ) 
Branch If Bit n is Clear _ , BRCLR n(n=0 ) 
















=0...7 
=0...7 


CONTROL INSTRUCTIONS 


These instructions are used to contro! processor op- 
eration during program execution. The.jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. ae , 


| Function | Mnemonic | 
[No Operation | NOP 












Jump to Subroutine 
Jump Unconditional 





IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 
bler are shown below: ae 


NC S50 
INC S81 
[Nor [Bea ve) +1 
rrax|stasso 
LDA si 
mca [nese | 


MVI $81 #0 


‘MVI $80 #0 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 








‘7 |) Meaning 
Ensures A is plus 


Ensures A is minus 







BCLR 7,$FF 
BSET 7, $FF 


BRCLR 7, $FF 
BRSET7,$FF 


BRCLR 7, $80 












Branch if A is plus 
Branch if A is minus 
Branch if X is plus (BXPL) 


BRSET 7, $80 | Branch if X is minus (BXMI) 
BRCLR 7, $81 | Branch if Y is plus (BYPL) . 
BRSET.7, $81 Branch if Y:is minus (BYMI) + ed 


OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
applicable to the MC6804P2 MCU. 



















ADDRESSING MODES 


The MCU has nine different addressing, modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, :data space, and 
stack space. The term “effective address” (EA) is used in 
describing the various addressing. modes. Effective. ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately: following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single: byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data.space with a single two- 
byte instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing isa subset. of the direct addressing mode. 
The X and Y registers are at locations:$80 and $81, re- 
spectively. . 

EXTENDED | 

In the extended addressing mode, the effective address 
.of the argument is. obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 


capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 
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Table 1. Opcode Map 











Branch Instructions 


















nq mf a 7 
Low 0011 0100 0110 Out 
2 2 2 2 
0 BNE BNE - BEQ BEQ 
0000 1 REL |} Rev |i REL] 1 REL re Pe REL] 1 
2 2 2 2 
1 BNE BNE BEQ . BEQ 
9001 1 REL] 1 REL }1 REL] 1 REL] 1 ee oer fa 1 
2 2 2 2 2 
2 BNE BNE BEQ BEQ . 
0010 1 REL] 1. REL | 1 REL} REL| 1: Ca ack Pe 1 
20. 2 2 2 2 
3 BNE BNE BEO BEQ 
0011 1 REL]? REL | 1 REL | 1 REL REL en aes 1 
















REL 


HE ane. |* ene | ea 
; f 
2 2 2 
BNE BNE BEQ 
1 REL! 1 REL} REL Oa ne 
2 2 2 
BNE "BNE BEQ 
1 REL REL] 1 REL en Ta, 


Abbreviations for Address Modes 


INH Inherent Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 
B-T-B Bit Test and Branch 


IMM Immediate 


DIR Direct 
EXT Extended 
REL ‘Relative 


BSC Bit Set/Clear 
R-IND Register Indirect 


Register/Memory, Control, and Bit Manipulation Register/Memory and 
Read/Modify/Write Instructions Instructions Read/Modify/Write 
B Cc D 


JSRn 
EXT 





JSRn 
ExT 


JSRn 
€xT 


Tenn, 


JSRn cullen 
EXT {2 


vent 


me 


pe 


au 


cae 
XT 


JSRa 
EXT 


JSRn 
XT 


JSRn 


4 


abe 


N 
4 
q 


JRSn 
2 EXT 











2 
qT 

2 
tn 

2 


a 
2 

MPa 
2 

si 
2 

ne 
2 

aaa 
2 


JMPn 
2 EXT 





oa 
JMPn 
2 €xT 








RTS 


ae * BrciR2 BCLR2 ADD ADD 
2 INH | 3 8T-B| 2 BSC ]1 RIND} 1 R-INO 
" BRCLRG BCLR3 
INH 8-T-B} 2 BSC }1 R-IND] 1 am 
COMA * BRCLRA BCLR4 CMP 
INH | 3 BT-B}2 BSC 4 RAND | 7 "ni fa 
; 5 a ; 
AND AND 
INH 6-7-8 {2 Bsc }1 R-IND | 1 R-IND 





Pia cs BCLR5 


" BRCLAS: BCLR6 
6-1-8 {2 BSC jt Ai 1 eka 

" BRCLAT BCLR7 
8-7-8 | 2 BSC |1 Saas 1 oo Be 
" BRSETO | BSETO 

$-D 8.7.B]2 Bsc |2 Sid 2 Pa 


$-O]3 














° BRSETS BSET3 
s-D{3 B.T-B42 esc IMM | 2 


BSC ]2 ee 








JMPn LDA 
2 EXT] 1 S-D 








Cycles 
Mnemonic 
Bytes 








[3 oo 
° BRSETE BSET6 
s-0{3 a-T-8{2 Bsc 





Opcode in Hexadecimal 


Opcode in Binary 
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RELATIVE 

The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, contro! proceeds to the 
next instruction. The span of relative addressing is from 
~—15 to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper.offset and checks 
to see that it is within the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set . 
or cleared is part of the opcode. The byte following the | 


opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 


the 256 locations of data space memory that can be writ-. 


ten to can be set or cleared with a single 2-byte instruc- 
tion. 


CAUTION . 

The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $04, $05, and $06). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write func- 
tions, they cannot be used to set or clear a DDR bit; 
all “unaffected” bits would be set. Write all DDR 
bits in a port using a single-store instruction. 


BIT TEST AND BRANCH 


' The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 


‘the condition is true. This single 3-byte instruction allows 


the program to branch based on the condition of any 
readable bit in the 256 locations of data space. The span 
of branching is from -—125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. ; 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT : 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 













Rating This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vin and Vout be con- 
strained to the range Vssg < (Vjn or Vout) < Vcc: 
Reliability of operation is enhanced if unused in- 
puts except EXTAL are connected to an appro- 
priate logic voltage level (e.g., either Vs or Vcc). 


‘Symbal| Vane | Unt | 
| 






Supply Voltage 
Input Voltage ; 


Operating Temperature Range (Comm.) 


Operating Temperature Range (Ind.) . —40 to +85 
| —55 to +150 


Storage Temperature Range 





Junction Temperature (Cerdip) 


THERMAL CHARACTERISTICS ; 


| Characteristic | Symbol| Value | Unit_| 


Thermal Resistance ~ BJA 
Cerdip : 


Voc = 5.2 V 















TEST MMD6150. 
10K2 POINT OR EQUIV. 


TEST MMD6150 
POINT OR EQUIV. 





mmo7000 40 pF 


MMD7000 
OR EQUIV. (TOTAL) ' 


OR EQUIV. 


‘Figure 11. LSTTL Equivalent 
' Test Load (Port B) 


Figure 10. LSTTL Equivaient 
Test Load (Ports A, C, 
and TIMER) 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


For most applications PpoRtT<Piyz and can be ne- 
glected. PPoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 


Ty=Tat(Pp * 8a) (1)... Ppogt is neglected) is: 
where: Pp=K=+(Ty+273°C) _ (2) 
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K anes: 
68jA = Package Thermal Resistance, K=Pp + (Ta + 273°C) + 6yaPp2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. 
Pp = Pint+Pport K can be determined from equation (3) by measuring Pp 
Pint =I!cc%Vec. Watts — Chip Internal Power (at equilibrium) for a known T,. Using this value of K, 


Pport = Port Power Dissipation, 
Watts — User Determined 


the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T,. 


PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vec = +5.0 Vde+0.5 Vde, Vgg =GND, Ta = 20°C to 30°C, unless otherwise noted) 


| Characteristic Symbol _| 
| Programming Voltage Ne 
Sesubcem iy 728 


ELECTRICAL CHARACTERISTICS 
(Vcc= +5, 0 Vde+0.5 Vdc, Vgg = GND, Ta= 0°C to 70°C, unless otherwise noted) 


Internal Power Dissipation — No Port Loading : 
etn ge 
[tw ge 
leroy ease a 
[input Current (RO,RESET) tin 


SWITCHING CHARACTERISTICS 
(Vcc = +5.0 Vde+0.5 Vde, Vgg=GND, Ta=0°C to 70°C, unless otherwise noted) 


SeverFeaingy te 
Byte Cycle Time 

TRO and TIMER Pulse Width 
eee nmemmioniasmet <a aa 










































aimless eg ia iae 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc= +5.0 Vde+0.5 Vdc, Vgg=GND, Ta =0°C to 70°C, unless otherwise noted) 


| Characteristic | Symbot | min | typ | Max | Unit | 
eke Ports A and C (Open Drain) 
[ Output Low Voltage, toad=04mA | Vt | = | | | 
[Input High Voltage —Cs—“‘iYSCé St | | Cc | 
[inputlow Voltage C—C—i‘“‘L SM CT 0s | — | oo | 
Hi-Z State Input Current Is Tipsiee: eee 
| Open Drain Leakage Vour=Vec) = —C—<“‘té‘“‘YSCSO| CT 
Port B (Open Drain) . 
| Output Low Voltage, toad=1.0mA | | CS TO v 
| Output Low Voltage, Itoad=10 mA(sinkh == | Vt | | — | ot | 
Ee 
Vv 
| uA _| 




























Input Low Voltage | wm | -o3 | — | 
Hi-Z State Input Current ts! 


Open Drain Leakage (Voyt=Vcc) 











Output Low Voltage, ILoaqg=0.4 mA 
Output High Voltage, I_gaq= —50 nA 
Input High Voltage 


Port B (Push-Pull) 


Input Low Voltage 
Hi-Z State Input Current 


Hi-Z State Input Current , | ons 6] 
| 








(a) OSCILLATOR — $1.62 TIMING 2 
2 an nes cee cee es ee a 
(b) #1 — SYNC TIMING 
oe eee Eee ee 
SYNC | | | | 


Figure 12. Clock Generator Timing Diagrams 
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Ip, LOW-LEVEL OUTPUT CURRENT (mA) 





0 100 «6.200 Ss 300- ss 400-—s« 500-s«d00—Ci‘i‘70~Ss 800 
Voy, LOW-LEVEL OUTPUT VOLTAGE (mV) 


X= SPEC PT. 


Figure 13. Typical Vo, vs loL 
for Ports A, C, and Timer 


0 e 
Pt tt tT ivy ey 


ate PtP 
vet de eaelewl pete fl 
EXPECTED 41 TYPICAL 
CO ne 
85°C vi 25°C gi 


pe nh am fed 


Igy, HIGH-LEVEL OUTPUT CURRENT (2A) 
Ns 
S 





2.0 2.5 3.0 3.6 4.0 4.5 5.0 
Vou, HIGH-LEVEL OUTPUT VOLTAGE (V) 


Figure 15. Typical Vou vs IoH for Port B 











EXPECTED 
1 MAX 5.5 V 
— 40°C 


eda Frame, 

eM eS Se tclinel ale 
ee Oe ee a 
Balan e see 


2.0 ° 2.5 3.0 3.5 40 45 5.0 
Vox. HIGH-LEVEL OUTPUT VOLTAGE (V) 







Io. HIGH-LEVEL OUTPUT CURRENT (nA) 





X= SPEC PT. 


Figure 14. Typical VOH vs IOH 
for Ports A, C, and TIMER 


vaca] 7 [a 
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ee) ee 
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EXPECTED 
MAX 5.5 V 
0°c 








ao ss CoC wM OO 





Igy, LOW-LEVEL OUTPUT CURRENT (mA) 
o 








0.5 V, 1 mA) X 





0 100 200 300 400 500 
Voy. LOW-LEVEL OUTPUT VOLTAGE (mV) 
X= SPEC PT. 


Figure 16. Typical VoL vs lot for Port B 


ORDERING INFORMATION 


The MC68704P2 EPROM MCU device is only available in the 28-pin ceramic dual-in-line (CERDIP) package. The 
following table provides information pertaining to the temperature and MC order numbers of the MC68704P2. 


Table 2. Generic Information 
Package Type Order Number 


Cerdip 0°C to 70°C MC68704P2S 
(S Suffix) —40°C to + 85°C | MC68704P2CS 
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MECHANICAL DATA 


PIN ASSIGNMENTS 





Vsg] 1 © 28 (RESET 


ino] 2 PAT 
Ver] 3 1 PAG 
EXTAL[] 4 25 [PAS 
xTaL {5 24 {] PAs 
mos {] 6 23 [J] PA3 
TIMER [] 7 22 []pa2 
pcol] 8 21 [Pat 
pci f} 9 20 f) PAO 
pc2{] 10 19 []PB7 
pc3 {11 18 {P86 
Peo 17 [PBs 


P81 16 [j PB4 
PB2 Uj 14 t] PB3 
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TECHNICAL DATA MC68HC04J2 


Technical Summary 
8-Bit Microcontroller Unit 


MC68HC04J2 HCMOS microcontroller unit (MCU) device is a member of the M6804 Family of sin- 
gle-chip microcontrollers. This device displays all the versatility of an MCU whose design-ability to 
process 8-bit variables one bit at a time already makes it tremendously cost effective. 

This technical summary contains limited information on the MC68HC04J2. For detailed informa- 
tion, refer to the advanced information data sheet for the MC68HC04J2, MC68HC04J3, and 
MC68HC04P3 8-bit microcontrollers (MC68HC04J2/D), or to the M6804 MCU Manual, DLE404/D. 

Major hardware and software features of the MC68HC04J2 MCU are: 

@ On-Chip Clock Generator @ True Bit Manipulation 





@ Memory Mapped I/O e Bit Test and Branch Instruction ° 

e Software Programmable 8-Bit Timer with © 368 Bytes Self-Check ROM 
7-Bit Prescaler 2 odes © Conditional Branches 

@ Single Instruction Memory Examine/ @ Timer Pin is Software Programmable as 
Change Clock Input or Timer Output 

@ 72 Bytes of User Data ROM @ 1672 Bytes of User Program ROM 

e User Selectable Input Drive Options @ 30 Bytes of User RAM 

@ Optional Pull Down Devices on I/O Ports 

@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 


BLOCK DIAGRAM 


: ae XTAL EXTAL RESET MDS TRO 


’ Timer/Status 1 

Control Register 
CPU 
Control 










Accumulator 
A 
Indirect 
Register x 
Y 












PA4 
Port Ind PBO 
° ndirect 
PAS PBI 
A Port 7 Data Register PB2. Port 
1/0 A Dir. Port >» PBS B 
Lines PAG ~dif Reg. }| Reg. a Pp4 1/0 
; eg. > PB5 Lines 
PA7 PB6 
Program : PB7 
Counter ALU 
High PCH 30x8 
1672x8. Program Data RAM 
User Program ROM Counter | roe | 
Flags 
368 x 8 Low PCty 


72x8 
Data ROM 


Self-Check ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vpp AND Vss 
Power is supplied to the MCU using these two pins. 


Vpp is power, and Vss is ground. 
iRO 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. A pull-up resistor 
on this pin is a manufacturing mask option. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock. 


oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start up, neither: the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below VjpEs +, until the oscillator 
has stabilized at its operating frequency. 





TIMER 


Two TIMER input modes as well as an output mode 
are available. In the input modes, the TIMER pin is con- 
figured as either a TIMER enable, or as the TIMER clock. 
In the output mode, the TIMER pin may generate tran- 
sitions upon each occurence of timer underflow. 


RESET 

The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 







MC68HC04J2 


MC68HC04J2 


EXTAL 





XTAL_. _EXTAL XTAL 


Clock 


T 4 iG Input 


Crystal 





External Resistor 
Capacitor 







MC68HC04J2 


XTAL 


device pin 


External Clock 


jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. A pullup resistor on this 
pin is a manufacturing mask option. 





MDS 


The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is. 


latched to determine the operating mode. This choice can 


be either the single-chip, self-check, or ROM verify mode. 
However, if MDS.is logic low at the end of the reset state, 
the single-chip operating mode is automatically selected. 
No external diodes, switches, transistors, etc. are re- 
quired for single-chip mode selection. 


INPUT/OUTPUT LINES (PA4- PA7, PBO-PB7) 


These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (B). All lines are programmable as either 
inputs or outputs under software contro! of the data di- 
rection registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 12 input/output pins. The 12 bidirectional 
lines can be selected to have internal pulldowns at the 
time of manufacture. All pins of each port are programm- 
able as inputs or outputs under the control of the data 
direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 2. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the 1/0 pins are CMOS compatible as both inputs 
and outputs. Their. standard configuration as outputs is 
three-state drive. Port B outputs are LED compatible. In 
addition, certain pins of both ports may be ordered 
equipped with pull down resistors. 


Crystal Parameters Cy 





EXTAL 4 XTAL 5 


EXTAL 





Crystal Parameters 
AT - Cut Parallel Resonance Crystal 
NC to. Co=7 pF Maximum 


Freq=11 MHz 
Rs =50 Ohms Maximum 


Piezoelectric ceramic resonators which 
have the equivalent specifications may 
be used instead of crystal oscillators. 
Follow ceramic resonator manufactur- 
er’s suggestions for Co, Cj, and Rg 
values. 


Figure 1. Clock Generator Options and Crystal Parameters 
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Data 
Direction Register 
Bit 


Latched 
Output 
Data Bit 


Internal 
Connections 








Data 
Direction Output 
Register Data 
Bit Bit 
1 0 
1 1 
0 xX 


Input 
Output To 
State MCU 
0 ; 0 
1 1 
Hi-Z Pin 





Figure 2. Typical {/O Port Circuitry 


Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input. or to the 
latched output data when the DDR is an output. 


Pull Down Device Option 


The use of pull down devices on particular groupings 
of I/O ports is a manufacturing mask option available to 
the user..It is of use in applications where keyboards are 
interfaced directly to the MCU and similar situations. This 
option is available in the following configurations: 


1/0 Port Resistor-Option Pin Groupings 
PAG-PAT 





PB3-PB7, PB4-PB7, PB1-PB2, PBO 





Port Data Registers ($00, $01) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

The source of data read from the port register is either 
the port I/O pin or previously latched output data. The 
source depends upon the contents of the corresponding 
DDR. The destination of data written to the port data 
register is an output data latch. If the corresponding DDR 
for the port I/O pin is programmed as an output, the data 
appears on the port pin. 


Port A ($00) 

7 @ “f. 4 8) 8 0 
= x | x 
Port B ($01) 

7 6 5 4 3 2 1 0 








With regard to Port A only, the four LSB bits are unused. 
They are ‘don’t care” (X) bits when written to, but are 
always logic high when read. 


Port Data Direction Registers ($04, $05) 


‘Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
act as an input or an output.’A zero in the pin’s corre- 
sponding DDR bit programs it as an input. A logic one 


programs it as an output. On reset, all the DDRs are in- | 


itialized to a logic zero state to put the ports in the input 
mode. 


Port A ($04) 
7 6 "5 4 3 2 1 0 
[se ie eee ee 
Port B ($05) . 
7 6 5 4 3 2 1 0 


ee ed 


With regard to Port A DDR only, the four LSB bits are 


cleared after reset. These bits must not be set (logic one). 


MEMORY 


The MCU memory map (Figure 3), consists of 4352 
bytes of addressable memory,.|/O register locations, and 
stack space. This MCU has three separate memory spaces; 
program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its. instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, seif-check and user program vectors, and reserved 
memory locations. 


--,,A non-accessible subroutine stack space RAM is pro- 


vided..This stack space consists of a last-in-first-out (LIFO) 
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Bytes Address Bytes : Address 
sce 000 Port A Data Register $00 
001 Port B Data Register $01 
002 Reserved $02 
-(2 Bytes) ; 
003 $03 
Reserved “004 Port A DOR $04 
(2720 Bytes) ; 
005 Port B DDR $05 
mP Reserved $06 
008 (3 Bytes) $08 
2719 SAQF 009 Timer Status Control Register $09 
2720 $AA0 ° 010. Low Byte CRC $0A 
Self-Check ROM 011 High Byte CRC $0B 
(368 Bytes) 
012 $0C 


Reserved 
(12 Bytes) 






$COF 023 
$C10 024 | 


$17 
$18 





User Data Space ROM 
(72 Bytes) 









095 S5F 
096 : $60. 
; Reserved 
Program ROM : ; (32 Bytes) 
(1000 Bytes) 2? “TF 
128 $80 


Indirect Register X 
Indirect Register Y 


User Data Space RAM 
. (30 Bytes) - 


129 $81 


130 $82 
$FF7 


ae Self-Check " SFF8 
IRQ Vector $FF9 


SFFA 


159 
160 


SOF 
$A0 





Reserved 
(93 Bytes) 


Prescaler Register 


Self-Check 
4091 Restart Vector | SFB 252 


$FFC 


$FC 






User 253 $FD 
TRO Vector 

~ 4094 User $FFE : 

4095 $FFF : 


Program Space . Data Space 


oa? oe at Level 2 . | 
tered 


Stack Space 





Figure 3. Memory Map 
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register. This register is used with inherent addressing 
to stack the return address for subroutines. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. 


Program ROM Protect 


A manufacturing mask option available to the user en- 
ables program ROM protection. Enabled, this option pre- 
vents the ROM contents from being output during self- 
check/ROM verify. This option does.not prevent ago, no- 
go test of the ROM contents using the ROM verify mode. 


REGISTERS 


ACCUMULATOR (A) > 
The accumulator is a general purpose 8-bit. register 


used to hold operands and results of arithmetic calcu- 


lations or data manipulations. 


~ 
o 


i 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the. register-indirect addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear. modes. 


~ 
° 


~ 
OQ 


ul 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 


1 0 


oo 
~ 


PCH) PCL 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of.the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as.well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic. operation was equal to zero. 


Otherwise, it is cleared. Bir test instructions do not affect 
the Z bit. 


NORMAL AND INTERRUPT FLAGS 


There are two sets of these flags. One set is for interrupt 
processing (the interrupt mode flags). The other set is for 
normal operations (the program mode flags). When an 
interrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RT! forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


NORMAL FLAGS acm eel 
INTERRUPT FLAGS 


STACK 


A last-in-first-out (LIFO). stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12-bits wide: Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to ail 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and ali lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


CRC REGISTERS 


Two 8-bit registers are implemented. in RAM primarily 
as self-check and ROM verify modes. The two registers 
are memory mapped in data space at addresses $0A (CRC 
low), and $0B (CRC high). 

Provided no write or read/modify/write operation is used 
to change the contents of these two locations, the reg- 
isters are configured to perform CRC calculations. By sim- 
ply reading a register, a pseudo-random number: can be 
generated. 

If awrite or a read/modify/write is performed’ on ad- 
dresses $0A‘or $0B, then the CRC circuitry is disabled. 
Both registers can be used:as RAM ‘locations until the 
next RESET. RESET enables the CRC circuitry again. 


SELF CHECK 


The MCU japiements two soubie of internal sack self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU. using a. signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 
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Self-check mode is selected by holding the MDS and 
PA7 pins logic high, and PA6 logic low as RESET goes 
low to high. ROM verify mode is entered by holding MDS, 
PA7, and PA6 logic high as RESET- goes low to high. 
Unimplemented program space ROM locations are also 
tested. Monitoring the self-check mode’s stages for suc- 
cessful completion requires external circuitry. 





RESET 


The MCU can be reset by initial power up or by external 
reset input (RESET). 


POWER-ON-RESET (POR) 


During a power-on-reset, the timer is used to count 
1920 external clock cycles. This allows the oscillator to 
stabilize before releasing the internal reset, irrespective 
of the state of the RESET pin. If the RESET pin is low at 
the end of the delay, the processor remains in the reset 
condition. 











Figure 4. Power Up RESET Delay Circuit 


RESET 


A reset can also be achieved by pulling the RESET pin 
to logic low for a minimum of two clock cycles. The delay 
. is not implemented in this case. 


INTERRUPT 


There are two ways this MCU can be interrupted; by 
applying a logic low signal to the IRQ pin, or by a positive 
transition of the TMZ bit of TSCR with the ETI bit set. 
However, .a manufacturing mask option determines 
whether the falling edge or the actual low level of the 
IRQ pin is sensed to indicate an interrupt. 


EXTERNAL INTERRUPT EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
5 contains a flowchart that illustrates the interrupt and 
instruction processing sequences. 


The interrupt sequence consists of one cycle during 
which: 


The interrupt request latch i is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 
The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start- 
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When STOP is processed, the interrupt mask is cleared 
and the oscillator stopped. Checks are made for either 
REST or IRQ. If RESET is detected, the RESET sequence 
is initiated. If IRO is detected, the system oscillator is 
enabled along with the clock. In both cases, a delay is 
executed by the timer to allow oscillator stabilization be- 
fore the CPU is enabled and the interrupt serviced. 

When WAIT is processed, the interrupt mask is cleared 
and the CPU clock.disabled. The interrupt latch is tested. 
Detection of RESET initiates the RESET sequence. Detec- 
tion of IRO or timer interrupt enables the CPU clock and 
initiates servicing of the interrupts. 

When RTI is processed, the program counter is pulled 
from the stack. The program flags are selected and the 
interrupt mask cleared. The interrupt latch is then tested 
before the next instruction. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. This 
was done even as the first interrupt was being serviced. 
However, even though the second interrupt set the in- 
terrupt request latch during the first interrupt’s process- 

















_ing, the second interrupt’s sequence cannot begin until 


completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt service routine is 
always accomplished using an RTI instruction to return 
to the main program. The interrupt mask, which is not 
directly available to the programmer, is cleared during 
the last cycle of the RTI instruction. 


EXTERNAL INTERRUPT EDGE/LEVEL-SENSITIVE . 
OPTION 


The edge/level-sensitive option performs as described 
in the preceding section but adds the potential for level- 
sensitive operation. Level-sensitive operation tests the 
state of the IRO and initiates and interrupt service routine 
if the IRQ pin is found to be logic low. 
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External Interrupt Request Flow 


Clear IRO 
Latch 


Perform 
Interrupt 
Routine 


Clear IRO 
_ Latch 


Perform 
Interrupt 
Routine 











Underflow 
TSCR bit 7 


Timer Interrupt 
Request Flow 


<rra > 


Figure 5. Interrupt Sequences 


POWER UP AND TIMING 


During the power up sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). , , 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ ‘processes and their relationship to 
the interrupt mask are'shown in Figure 7. 

Maximum interrupt response time is eight machine 
cycles. This includes five cycles for the longest instruction 
plus one for stacking the PC and switching flags. Two 
additional cycles are used to synchronize IRO input with 
the internal machine cycle frequency. 


TIMER INTERRUPT 

A timer interrupt is requested by a transition of the 
TMZ bit of the timer status/control register (TSCR) from 
logic tow to high. Such a positive transition is caused 
either by the timer count register reaching the all zero 





state, or by any program instruction that writes a one to 
the TMZ bit. 

The timer interrupt request is maskable by clearing bit 
6 of the TSCR (ETI bit). ETI is cleared by RESET. 

During the interrupt routine, to determine whether an 
interrupt was caused externally or by the' timer, it is nec- 





essary to test the state of the TMZ bit in the TSCR. 


It is important to service a timer interrupt and clear the 
TMZ bit before the timer counter underflows again. Oth- 
erwise, because only a single interrupt can be latched, 
there is no way of telling how many timer interrupts occur 
while the original interrupt is being serviced. 


LOW-POWER MODES 


STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, causing all internal processing and 
the timer to be halted. Current consumption is thus 
dropped to leakage levels. 
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Timer Clock Enable 
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Timer Clock Enable 
CPU Clock Disable 

Preset Timer 













CPU Clock Enable 



























CPU Clock Enable 2 — - 
$00 — DOR's Timer Counts Delay Fetch Instruction 
Set 1 Mask To Stabilise Oscillator Execute Instruction 
Clear.IRQ Latch 
SFF — TCR 







$00 — TSCR 


Select Prgm Flags 


Load Reset Vector - 
Into PC 


Stack PC — 
Set | Mask 
Select INT Flags 


Load INT Vector 
Into PC 


Interrupt 
Cycle 






Figure 6. Instruction Processing Sequence 
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Figure 7. Interrupt Mask 


‘Providing the supply voltage remains within data sheet 

limits, the contents of the TSCR, accumulator, and all data 
space RAM remain unchanged in STOP mode. 
_ Causing an interrupt or reset by pulling the RESET or 
IRQ pins low is the only way to bring the processor out 
of STOP mode. During this exit from STOP, the timer is 
used to provide the delay time necessary for the oscillator 
to stabilize. So, the prescaler and timer count register 
contents must be considered corrupted. 


WAIT 


. The WAIT instruction places the MCU in a low power 
consumption mode, but the WAIT mode consumes 





somewhat more power than the STOP mode. In the WAIT 


mode, the internal clock is disabled from all internal cir- 
cuitry except for the timer. So, all internal processing is 
halted. However, the timer continues to decrement nor- 
mally if the PSI bit of TSCR is set. 


During the WAIT mode, external interrupts are enabled. 
All other registers, memory, and [0 lines remain in their 
last state. Pulling the IRO or RESET pin to logic low causes 
an exit from the WAIT mode. In addition, ETI bit of TSCR 
can be enabled by software prior.to entering the WAIT 
state. This allows an exit from WAIT via a timer interrupt 
as well as via external interrupts. 
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Figure 8. Timer Block Diagram 


TIMER 


A block diagram of the MC68HC04J2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the. prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 


time, the write takes precedence and TSCR bit one (TMZ) 
is not set until the next timer time out. 


TIMER PIN 

The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR 
bits 4 (DOUT) and 5 (TOUT). Two distinct input modes 
exist; input gated mode and input event counter mode. 
This relationship is shown in the TIMER.pin status section 
of Figure 8. The frequency of the internal clock applied 
to the TIMER pin must be less than tpyte, which is the 
frequency of the oscillator divided by either 12, 24, or 48. 
Whether fogc is divided by 12, 24, or 48 is determined by 
the clock divide ratio, which is selected by the manufac- 
turing mask. 


TIMER INPUT EVENT COUNTER MODE 
In the timer input event counter mode, both TOUT and 


.DOUT are logic zero. The TIMER pin. is effectively con- 


nected directly to prescaler input. So, the timer/prescaler 
is clocked by the signal applied from the TIMER pin. 


TIMER INPUT GATED MODE 

In. the input. gated mode, TOUT is. logic zero and DOUT 
is logic one. The timer pin is.an input which. decrements 
the prescaler each machine cycle as long as timer pin is 
logic high. When the pin is logic low, counting is inhib- 
ited. This mode permits the counting of the period of 
time during which the timer pin is logic high, based on 
the system clock and prescaler values. Gate times are 
fosc/12, fosc/24, and fosc/48. 
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TIMER OUTPUT MODE . 


In the output mode, TOUT is logic one and the TIMER 
pin is connected to the DOUT latch. So, the timer pres- 
caler is clocked by the internal sync pulse. This pulse is 
a divide-by-12, 24, or 48 of the internal oscillator de- 
pending on the mask option. However, in the output mode, 
once the prescaler decrements the timer count register 
to zero, the low TSCR bit 1 (TMZ) bit state is used to drive 
the data latched at TSCR bit 4 (DOUT), onto the TIMER 
pin. 


NOTE 


' TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to TCR or by a write 
to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 
The timer count register reflects the current count in 


the interna! 8-bit-counter. The register is the counter and - 


can be written. 
7 0 


MSB LSB 
RESET: 


_— So. f0% 3 1 4. Te 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 8 5 4 3 2 1 0 
| tmz | en | rour | oour| esi_| se | esi | ps0 
rer 0 o oOo 0 Oo 0 


TMZ — Timer Zero 


1=Timer count register has reached the all-zero 


state since the last time the TMZ bit was read. 
0=This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. “ 

ETI — Enable Timer Interrupt 

1=Timer interrupt enabled 
_0=Timer interrupt disabled 
TOUT — Timer Output 
‘1=Qutput mode is selected for the timer. 
- 0=Input modes are selected for the timer. 

DOUT — Data Output 
In the output mode, latched data at this bit is sent to 
the TIMER pin when both the TMZ and TOUT bits 
are logic high. 

In the input mode: 
_1=Timer input gated mode is selected. 

__. 0=Timer input event counter mode is selected. 

PS1 — Prescaler Initialization 

1=Prescaler begins to decrement. 

0=Prescaler.is initialized and counting is inhibited, 
PSO-PS2 

These bits are used to select the prescaler tap. The 

coding of the bits is shown below: 


psa [pst | pao | pide 8y 





It is recommended that MVI or loading and storing 
instructions be. used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes. The TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be written. 


6 0 
MSB LSB 
RESET: 
rs | 1 1 1 1 1 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 


: 
INCX 




















| 
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REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 


Load A from Memory , 
Load XP from Memory | Lox | 
Load YP from Memory 




















Store A in Memory 


Transfer A to YP 


| Mnemonic _| 
LDX 
| AND 


Transfer XP to A 


CLRA 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. , 


Branch if Carry Clear — 
Branch if Higher or Same co 








Branch if Carry Set 
Branch if Lower 


Branch if Not Equal 


Branch if Equal 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which | 


resides in the 256 bytes of the memory space, where all 
port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to: test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear, and bit test and 


branch functions are all implemented with a single in-. 


struction. For the test and branch instructions, the value 
of the bit tested is also placed in the carry bit of the 
condition code register. Refer to the following list of in- 
structions. -_ a 


Clear XP ie CLRX: | 


Branch Jf Bit n is Set ' BRSET n(n=0.... 7) 
Branch If Bit n is Clear BRCLR n(n=0...7) 



















[SetBitn | SET nin=0...7)_ 
BCLR nin=0. 7) 


CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. , 












Return from Subroutine 


| Mnemonic _| 
[No Operation | NOP 


IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 
bler are shown below: 


| Mnemonic | Becomes | Mnemonic | Becomes _| 
| 
curx __[mvisso#o__ [Nop (Beare) +1_| 
| 
inca incre | 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 


[Mnemonic | Meaning 
BCLR 7,$FF EnsuresAisplus "~~ 
BSET 7, SF 
BRCLR 7, $FF 
BRSET 7, $F 
BRCLR 7, $80 
BRSET 7, $80 







































BRCLR 7, $81 Branch if Y is plus (BYPL) 
BRSET 7, $81 Branch if Y.is minus (BYMI) 
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OPCODE MAP 


Table 1 is a listing of all the instruction: set opcodes 
applicable to the MC68HC04J2 MCU. 


ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address” (EA) is used in 
describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize‘a loop counter. , 


DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 


address the 256 bytes in memory with a single two-byte 


instruction. 


SHORT DIRECT 
_ In the short direct addressing mode, the MCU has four 


locations in data space RAM it can use, ($80, $81, $82, . 


and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 


addressing is a subset of the direct addressing mode. 


The X and Y registers are at locations $80 and $81, re- 
spectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the. four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is.only used in condi- 
tional branch instructions. In.relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 


opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
—15.to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus; any bit in 
the 256 locations of data space memory that can be writ- 


‘ten to can be set or cleared with a single two-byte in- 


struction. 


- CAUTION 


The corresponding DDRs for ports A and B are write- 

only registers (registers at $04 and $05). A read 

operation on these registers is undefined. Since 

BSET and BCLR are read-modify-write functions, 

they cannot be used to set or clear a DDR bit; all 

“unaffected” bits would be set. Write all DDR bits 
- in a port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the. 256 locations of memory. The span 
of branching is from —125 to +130. from the opcode 


. address. The state of the tested bit is also transferred to 


the carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one ofthe indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


~ INHERENT 


In the inherent addressing mode, all. the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 
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Abbreviations for Address Modes . : LEGEND 

INH inherent : - indicates Instruction Reserved for Future Use 

S-0 — Short Direct # Indicates Illegal Instruction 

B-T-8 Bit Test and Branch Opcode in Hexadecimal 
IMM Immediate ; 

DIR Direct : Cycles Sa 

EXT Extended Mnemonic Opcode in Binary 


REL Relative Bytes 
BSC Bit Set/Clear : ; 
R-IND Register Indirect : ———_—_——_—_—_-——- Address Mode 





MC68HC04J2 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 














Symbol 
Supply Voltage —0.3 to +7.0 
V 


| 
Input Voltage Vss— 0.3 to Vv 
Vpp + 0.3 
ee ee 
Total current for sink mA 
Ports A, B, C EXTAL, TIM source 


Operating Temperature Range (Comm.) | ta | oto7o | °c | 
Operating Temperature Range (Ind.) -40 to +85 
Storage Temperature Range —55 to +150 


Junction Temperature Ty °c 
Plastic 150 


THERMAL CHARACTERISTICS 


Characteristic Symbol | vaiue | Unit_| 


Thermal Resistance T° JA . °C/W 
Plastic 70 . 


POWER CONSIDERATIONS For most applications PpgoRT<Pint and can be ne- 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields. However, it is advised that nor- 
mal precautions be taken to avoid applications of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vin and. Voyt be con- 
strained to the range Vsg<(Vin)<Vpp. Reliability 
of operation is enhanced if unused inputs except 
EXTAL are connected to an appropriate logic volt- 
age level (e.g., either Vsg or Vcc). 





Current drain per pin 
Excluding Vpp and Vssg 





DD 
in 
TA 























glected. PpQRT may become significant if the device is 

The average chip-junction temperature, Ty, in °C can configured to drive Darlington bases or sink LED loads. 

be obtained from: _ An approximate relationship between Pp and Ty (if 

Ty=Tat (Pp e 8 JA) (1) PporT is neglected) is: 
where: Pp =K=+(Ty +273°C) (2) 
TA = Ambient Temperature, °C . Solving equations (1) and (2) for K gives: 

- OA = Package Thermal Resistance, K=Ppo (Ta +273°C)+ OjAsPD2 (3) 

ie Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. 

Pp = Pintt+Pport K can be determined from equation (3). by measuring Pp 

PINT . =!cexVec, Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K, 

Pport = Port Power Dissipation, the values of Pp and Ty can be obtained by solving equa- 
Watts —- User Determined tions (1) and (2) iteratively for any value of T,. 


Vpp = +4.5V 


lOL/IOH = 800 pA 
RL=Ry=4.6 kQ 
Vpp = +2.7V 


IOLNQH = 200 pA. 
RL =Ry=10.5 kO 


~ Vpp= +2.0V 


loL/loH=100 pA 
RL=RyH = 16 kQ 


Pin 
Under 
Test 





Figure 9. Equivalent Test Load 
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CONTROL TIMING CHARACTERISTICS ” 








. . (Vpp= +5 Vde + 10%, Vgg=O Vdc; Ta=0°C to 70°C 4 

[Oscillator Frequency tose S| | te 

PHI1 Clock Frequency eset os | to | o | — {| 55 | mk 

[cycle Time (Min) tye |e | ls 

IRQ Pulse width Tt tye | | Ts 

RESET Pulse Width | | Xteye | | ls 
= | | 


















110, | Mie 
Oscillator Clock Pulse Width | touton | 45 | 



















. 
2xteye 
_tRWL 

Oscillator Clock Pulse Width 
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Figure 10. Typical RUN Current vs Clock Frequency (fc_L) Figure 11. Typical WAIT Current vs Clock Frequency (fcL) 
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MC68HC04J2 


DC ELECTRICAL CHARACTERISTICS (Typical pull-down sink current for Vout=Vpp is 50 pA.) 


Vpp= +5 Vde + 10%, Vgg=0 Vde, Ta=0°C to 70° C 


Output Voltage, I_gaq(10.0 pA VOL — _ 0.1 V 
VOH Vpp—0.1 _— —. ‘ 




























































‘Output High Voltage, ILpaq= +800 pA) Ports, TIM VOH Vpp — 0.4 = —_— vo 
Output Low Voltage, lLoad= +800 pA) - Ports, TIM VoL _ — . 0.4 © 
Input High Voltage Ports, TIM, XTAL, MDS Vin 0.7xVpp — '. Vpp V 
IRQ, RESET Vi 0.8x Vpp a Vpp 
Input Low Voltage . Ports, TIM, XTAL,MDS| Vi. Vss 0.3x vane iE V = 
IRQ, RESET VIL Vss 0.2XVpp 
| Total Supply Current 
C, =50 pF, Ports, TIM, . RUN Ipp mA 
No dc load, teye = W/feL (max), WAIT* IDD mA 
Vit =0.2 V, ViH=Vpp -0.2V | _ STOP* Ipp nA 
\/O Ports Input Leakage Vgs(V\(Vpp He LA 
Capacitance per Pin PORTS (as Input or Output) Cout _ _ “12 pF 
RESET, IRQ, TIM, XTAL, MDS Cin _ — 8 
. Vpp= +3 Vde +10%, Vgg=0 Vde, Ta=0°C to 70°C 
Output Voltage, ILgaq(10.0 pA VoL — — 0.1 | Vv 
: = VOH Vpp- 0.1 2s = 
Output High Voltage, ILoad= — 200 pA) Ports, TIM VOH Vpp-0.3 | — — Vv 
Output Low Voltage, ILgad= +200 pA) Ports, TIM VoL “| — | — 0.3 ~ 
Input High Voltage Ports, TIM, XTAL, MDS Vin. | 0.7xVpp oa Vpp Vv 
IRQ, RESET). = Vin 0.8 x Vpp = Vpp 
Input Low Voltage Ports, TIM, MDS, XTAL VIL Vss _ 0.3x Vpp V 
IRQ, RESET VIL Vss _ 0.2xVpp |: 
Total Supply Current ay 
.C_ =50 pF, Ports, TIM, : RUN 













No dc load, teye= W/fcLi(Max), x WAIT* 
ViL=0.2 V, ViH=Vpp-—0.2 V _ STOP* 



















































































I/O Ports Input Leakage Vss(VKVpp He Po 
Capacitance per Pin PORTS (as Input or Output) | 
RESET, IRQ, TIM, XTAL, MDS 

Output Voltage, IL oaq(10.0 pA 

Output High Voltage, li gad= — 100A) Ports, TIM| Von | |. Vpp-9.3 dhe = Vv 

Output Low Voltage, ILgad= +100 yA) Ports, TIM VOL rn =e 0.3 

Input High Voltage Ports, TIM, XTAL, MDS 0.7xVpp _ VoD V 

IRQ, RESET 0.8xVpp - _ VDD: 

Input Low Voltage ~ “= Ports, TIM, MDS, XTAL Vss = 0.3xVpp Vv 

ie tay IRO, RESET Vss _ 0.2xVpp 

Total Supply Current _ 
CL =50 pF,.Ports, TIM, RUN ; 0:6. 1 mA 
No de load, teye=/fcL(Max), WAIT* 0.2 0.3 mA 
ViL =0.2v, Viq=Vpp — 0.2 V STOP* 1 3 LA 

(/O Ports Input Leakage Vss(V\(Vpp lik oa | — +1 pA 

Input Current REST,IRO,TIM| sin =| SO — | — + yA 

Capacitance per Pin PORTS (as Input or Output) Cout _ 12 pF 

RESET, IRQ, TIM, XTAL, MDS Gin = 8 
*Measured under the following conditions: . : ; . , 
- All ports and timer pin are configured as input —EXTAL is open circuit, 
— XTAL is driven by a square wave input — port pull downs not enabled | 


NOTE: Typical pull-down sink current for Voyt=Vpp is 50 pA. 
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+» ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS®, disk file 
MS®-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS disk 
file) may be submitted for pattern generation. They should 
be programmed with the customer program, using po- 
sitive logic sense for address and data. The diskette should 
be clearly labeled with the customer's name, date, project 


or product name, and the filename containing the pattern. | 


In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those i in the user space, must 
be set to logic zero. 


MS-DOS Disk File 


MS-DOS is Microsoft’s Disk Oadiatina System.. Disk 
media submitted must be standard density. (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola’s S- 
record format. The S-record format is a character-based 


object file format generated by M6804 cross assemblers | 


and linkers on IBM PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC68HC04J2 program. Two 2516 or 2716 type EPROMs 


MDOS is a trademark of Motorola Inc. 
MS@®-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark.of Motorola Inc. 


or a single 2532 or 2732 type EPROM can be submitted 
‘for pattern generation. The EPROM is programmed with 
the customer’s program using positive logic sense for 
address and data. Submissions on two EPROMs must be 
clearly marked. All unused bytes, including the user’s 
space, must be set to zero. 

If the MC68HC04J2 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F, 
and program space ROM runs from EPROM address $C10 
to.$FF7 with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed secu rely. Styrofoam 
is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for the creation of the customer mask. To aid in the ver- 
ification process, Motorola will program customer sup- 
plied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customers ROM Battern ‘will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type, temperature, and order num- 
bers for the MC68HC04P3. 


Ordering Information 
Package Type Order Number 


Plastic 0°C to 70°C. ~=—- | MC68HC042P 
—40°C to +85°C | MC68HCO4J2CP 


(P Suffix) 









IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 
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MOTOROLA - 
== SEMICONDUCTOR = 


TECHNICAL DATA MC68HC04J: 


Technical Summary 
8-Bit Microcomputer Unit 


MC68HC04J3 HCMOS microcomputer unit (MCU) device is a member of the M6804 Family of 
single-chip microcomputers. This device is tremendously versatile and cost effective. These quali- 
ties are based on the MCU’s simple design and ability to process 8-bit variables, one bit at a time. 

This technical summary contains limited information on the MC68HC04J3. For detailed informa- 
tion, refer to the advanced information data sheet for the MC68HC04J2, MC68HC04J3, and 
MC68HC04P3 8-bit microcomputers (MC68HC04J2/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC68HC04J3 MCU are: 


@ On-Chip Clock Generator 


Memory Mapped 1/O 


Software Programmable 8-Bit Timer with 
7-Bit Prescaler 


Single Instruction Memory Examine/ 


@ True Bit Manipulation 

® Bit Test and Branch Instruction 

@ 368 Bytes Self-Check ROM 

®@ Conditional Branches 

@ Timer Pin is Software Programmable as 


Change 
72 Bytes of Data ROM 
30 Bytes of User RAM 


User Selectable Input Drive Options 
Optional Pull Down Devices on I/O Ports 


Mask Selectable Edge- or Level-Sensitive Interrupt Pin 


Clock Input or Timer Output 
_ @ 1672 Bytes of User Program ROM 























Low PCL 


BLOCK DIAGRAM 
XTAL EXTAL RESET MDS IRO 
Counter 
Finer eats Oscillator 
Control Register 
. CPU 
Indirect Control 
PAG Register x 
PBO 
Port Indirect PB1 
Are Port Data Register pp2 Port 
1/0 A Dir. Y Data Port PB3iB 
Lines PA6 Reg. | Reg. Dir. B pad wl 
Stack Reg. Reg. PBS Lines 
PA7 PB6 
Program 
PB7 
Counter ALU 
1672 x8 Program Data RAM 
User Program ROM Counter 


368 x 8 
Self-Check ROM 


72x8 
Data ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vpp AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vpp is power, and Vssg is ground. 


iRQ 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcomputer. A pull- 
up resistor on this pin is a manufacturing mask option. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in.a reset condition, with 
the RESET pin voltage below VirREsS +, until the oscillator 
has stabilized at its operating frequency. 





TIMER 
Two TIMER input modes as well as an output mode 


are available. In the input modes; the TIMER pin is con-’ 


figuréd as either a TIMER enable, or as the TIMER clock. 
In the output mode, the TIMER pin may generate tran- 
sitions upon each occurrence of timer underflow. 


RESET 


The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 






MC68HC04U3 MC68HC04J3 


XTAL EXTAL 





XTAL___EXTAL 


Clock 


me T ~ 1 Input 





External Resistor _ 


Crystal 
Capacitor ; 


MC68HC04J3 


XTAL EXTAL 


device pin 


External Clock 


jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. A pullup resistor on this 
pin is a manufacturing mask option. 





MDS. 


The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state; the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or ROM verify mode. 
However, if MDS is logic low at the end of the reset state, 
the single-chip operating mode is automatically selected. 
No external diodes, switches, transistors, etc. are re- 
quired for single-chip mode selection. 


INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 


These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (B). All lines are programmable as either 
inputs or outputs under software control of the data di- 


_rection. registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 12 input/output pins. The 12 bidirectional 
lines can be selected to have internal pulldowns at the 
time of manufacture. All pins of each port are programm- 
able as inputs or outputs under the control of the data 
direction registers (DDR). nts 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a'logic one for 
output or a logic zero for input, as shown in Figure 2. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output. pin. due to output loading. ; 

All the 1/0 pins are CMOS compatible as both inputs 
and outputs. Their standard configuration as outputs is 
three-state drive. Port B outputs. are LED compatible. In 
addition, certain pins of both ports may be ordered 
equipped with pull down resistors. 






Crystal Parameters 








EXTAL 4 XTALS 


N Cc to Crystal Parameters 


AT — Cut Parailel Resonance Giystal 
Co=7 pF Maximum 

* Freq’ =.11-MHz 

Rs =.50.Ohms Maximum 


Piezoelectric ceramic. resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, Cy, and Rg values 


’ Figure 1. Clock Generator Options and Crystal Parameters 
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, Data 
Direction Register 
Bit 


Internat 
Connections 







Figure 2. Typical I/O Port Circuitry 


Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. .This can be 
used as a tool to initialize the data registers and avoid 


undefined outputs. However, care must be exercised when. 


using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 


Pull Down Device Option 
The use of pull down devices on particular groupings 


of I/O ports is a manufacturing mask option available to. 


the user. It is of use in applications where keyboards are 
interfaced directly to the MCU and similar situations. This 
option is available in the following configurations: 


VO Port Resistor-Option Pin Groupings : 





PB3-P87, PB4-PB7, PB1-PB2, PBO 


Port Data Registers ($00, $01) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

The source of data read from the port register is either 
the port I/O pin or previously latched output data. The 
source depends upon the contents of the corresponding 


DDR. The destination of data written to the port data. 


register is an output data latch. If the corresponding DDR 
for the port I/O pin is programmed as an output, the data 
appears on the port pin. : 


Port A ($00) 


7 6 5 4 3 2 1 0 
ia MP EAr res 


‘Port B ($01) 
7 6 5 4 3 2 1 0 


With regard to Port A only, the four MSB bits are un- 
used. These are ‘‘don’t care” (X) bits when written to but 
are always logic high when read. 


Port Data Direction Registers ($04, $05) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
function as input or output. A. zero in the pin’s corre- 
sponding DDR bit programs it as an input; a logic one 
programs it as an output. On reset, all the DDRs are in- 
itialized to a logic zero state to put the ports in the input 
mode. , 


Port A ($04) 
7 6 5 4 3 2 1 0 
eee 


Port B ($05) 


7 6 5 4 3 2 1 0 
ie La a ae es 


With regard to Port A DDR only, the four MSB bits are 
cleared after reset. These bits must not be set (logic one). 


MEMORY 


The MCU memory map (Figure 3) consists of 4352 bytes 
of addressable memory, I/O register locations, and stack 
space. This MCU has three separate memory spaces: 
‘program. space,-data space, and stack space. © 
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Bytes Address Bytes 


0000 $000 000 
001 

. . 002 
003 

Reserved , 004 

; (2048 Bytes) 

006 

008 

2047 $7FF 009 
ae $800 010 
Self-Check ROM 011 


Address 
$00 













Port A Data Register 
Port B Data Register 


$01 


$02 













Reserved 
(2 Bytes) 
$03 
o 
Port B DDR $05 
Reserved $06 
(3 Bytes) $08 





$09 


Timer Status Control Register 
Low Byte CRC 
High Byte CRC 


$0A 


$0B 


(368 Bytes) 
012 Reserved $0c 
; (12 Bytes) 
2415 : $96F 023 , $17 
$18 


2416 “| $970 024 







User Data Space ROM 
(72 Bytes) 


$SF 
$60 - 









Reserved 
(32 Bytes) 


Indirect Register X 
Indirect Register Y ~ 


User Data Space RAM 


Program ROM 


(1672 Bytes) War 


128 


$7F 
$80 _ 


129 $81 


130 $82 


$FF7 

















(30 Bytes} 
4088 SFFB se bits te 
Self-Check 
. — . 160 $A0 
4089 IRQ Vector SFFQ 
: : Reserved 
bi Self-Check ore (93 Bytes) 
4091 Restart Vector’ SFFB 252 SFC 
wee User SEG 253 Prescaler Register $FD 
iRO Vector 
4093 SFFD 254 Timer Count Register _| SFE 
4094 User SFFE 
4095 $FFF 
Program Space Data Space 












cee 
Pied 


Stack Space 


Figure 3. Memory Map 
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The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines. . 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The. operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. tos 


Program ROM Protect 


A manufacturing mask option available to the user en- 
ables program ROM protection. Enabled, this option pre- 
vents the ROM contents from being output during self- 
check/ROM verify. This option does not prevent a go, no- 
go test of the ROM contents using the ROM verify mode. 


REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and-results of arithmetic calcu- 
lations or data manipulations. 


7 0 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 


7 7 0 

es aes 

7 0 
PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 


11 8 7 0 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on acarry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 


the Z bit. 
NORMAL FLAGS 


There are two sets of these flags. One set is for interrupt 
processing (the interrupt mode flags). The other set is for 
normal operations (the program mode flags). When an 
interrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


INTERRUPT FLAGS 


STACK 


A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12-bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack: 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


CRC Registers 


Two.-eight bit registers are implemented in RAM pri- 
marily as self-check and ROM verify modes. The two reg- 
isters are memory mapped in data space at addresses 
$0A (CRC low), and $0B (CRC high). 

Provided no write or read/modify/write operation is used 
to change the contents of these two locations, the reg- 
isters are configured to perform CRC calculations. By sim- 
ply reading a register, a pseudo-random number can be 
generated. .. 

If a write or a read/modify/write is performed on ad- 
dresses $0A or $0B, then the CRC circuitry is disabled. 
Both registers can be used as RAM locations until the 
next RESET. RESET enables the CRC circuitry again. 








SELF CHECK 


‘The MCU implements two forms of internal check, self 
check and ROM verify. Self check performs an extensive 
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functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high, and PA6 logic low as RESET goes 
low to high. ROM verify mode is entered by holding MDS, 
PA7, and PA6 logic high as RESET goes low to high. 
Unimplemented program space ROM locations are also 
tested. Monitoring the self-check mode’s stages for suc- 
cessful completion requires external circuitry. 








RESET 


The MCU can be reset by initial power up or by external 
reset input (RESET). 





POWER-ON-RESET (POR) 


During a power-on-reset, the timer is used to count 
1920 external clock cycles. This allows the oscillator to 
stabilize before releasing the internal reset, irrespective 
of the state of the RESET pin. If the RESET pin is low at 
the end of the delay, the processor remains in the reset 
condition. 











Figure 4, Power Up RESET Delay Circuit 


RESET | . 
A reset can also be achieved by pulling the RESET pin 


to logic low for a minimum of two clock cycles. The delay 
is not implemented in this case. . 


INTERRUPT 


There are two ways this MCU can be interrupted: by 
applying a logic low signal to the IRQ pin, or by a positive 
transition of the TMZ bit of TSCR with the ETI bit set. 
However, a manufacturing mask option determines 
whether the falling edge or the actual low level of the 
IRQ pin is sensed to indicate an interrupt. 


EXTERNAL INTERRUPT EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is. set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 


contains a flowchart that illustrates the interrupt and in- 
struction processing sequences. 
The interrupt sequence consists of one cycle during 

which: 

The interrupt request latch is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 

The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start- 
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI, the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When STOP is processed, the interrupt mask is cleared 
and the oscillator stopped. Checks are made for either 
RESET or IRQ. If RESET is detected, the RESET sequence 
is initiated. If IRO is detected, the system oscillator is 
enabled along with the clock. In both cases, a delay is 
executed by the timer to allow oscillator stabilization be- 
fore the CPU is enabled and the interrupt serviced. 

When WAIT is processed, the interrupt mask is cleared 
and the CPU clock disabled. The interrupt latch is tested. 
Detection of RESET initiates the RESET sequence. Detec- 
tion of IRO or timer interrupt enables the CPU clock and 














' initiates servicing of the interrupts. 


When RTI is processed, the program counter is silted 
from the stack. The program flags are selected and the 
interrupt mask cleared. The interrupt latch is then tested 
before the next instruction. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. This 
was done even as the first interrupt was being serviced. 
However, even though the second interrupt set the in- 
terrupt request latch during the first interrupt’s process- 
ing, the second interrupt’s sequence cannot begin until 
completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt.service routine is 
always accomplished using an. RTI instruction to return 
to the main program. The interrupt mask, which is not 
directly available to the programmer, is cleared during 
the last cycle of the RTI instruction. 


EXTERNAL INTERRUPT EDGE/LEVEL- SENSITIVE OP- 
TION 

The edge/level-sensitive option performs as described 
in the preceding section but adds the potential for level- 
sensitive opération. Level-sensitive operation tests the 
state of the IRO and initiates an interrupt service routine 
if the IRO pin is found to be logic low. 
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External Interrupt Request Flow 


Perform 
Interrupt 
Routine 


Clear IRO. 
’ Latch 


Perform 
Interrupt 
Routine 













Timer 
Undertiow 
TSCR bit 7 
>. High 
? 








Timer 
Interrupt 
Enabled 

TSCR bit 6 

Low? 


Timer interrupt 
Request Flow 


<n" 


Y 


Figure 5. Interrupt Sequences 


~ POWER UP AND TIMING 

“During the power up sequence, the interrupt mask is 
‘closed. This precludes. any false interrupts. The PC:is also 
loaded with the appropriate restart vector’ (jump instruc- 


~ -tion). 


To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an -RTi in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ ‘processes and their. relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is eight machine 
cycles. This includes five cycles for the longest instruction 
plus one for stacking the PC and switching flags. Two 
additional cycles are used to synchronize IRQ input with 
the internal machine cycle sreaueney. 





TIMER INTERRUPT. 


A timer interrupt is requested by a transition of the 
TMZ bit of the timer status/control register (TSCR) from 
logic low. to high. Such a‘positive transition is caused 
either by the timer count register reaching the all zero 
state, or by any program instruction that writes a one to 
the TMZ bit. 


The timer interrupt request is maskable by clearing bit 
6 of the TSCR (ETI bit). ETl is cleared by RESET. 

During the interrupt routine, to determine whether.an 
interrupt was caused externally or by the timer, it is nec- 
essary to test the state of the TMZ bit in the TSCR. ~ 

It is important to service a timer interrupt and clear the 
TMZ bit before the timer counter underflows again. Oth- 
erwise, because only.a single interrupt can be latched, 
there is no way of telling how many timer interrupts occur 
while the original interrupt is being serviced. 





LOW-POWER MODES 
STOP . 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned: off, causing all internal.processing and 
the timer to be halted. Current consumption is thus 
dropped to leakage levels. 

Providing the supply voltage remains within data sheet 
limits, the contents of the TSCR, accumulator, and all data 
space RAM remain unchanged in STOP mode. 
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Power.Up Detect 







Oscillator Active 
Timer Clock Enabie 
CPU Clock Disable 
$00 — DDR’s 
Preset Timer 














Unstack PC 
Clear | Mask 
Select Prgm Flags 








Timer Counts Delay 
to Stabilize Oscillator 












Oscillator Active 
Timer Clock Enable 
CPU Clock Disable 
Preset Timer. 


Timer Counts Delay 
To Stabilise Oscillator 







CPU Clock Enable 


CPU Clock Enable 
$00 — DDR's 















Fetch Instruction 
Execute Instruction 















Set ! Mask 
Clear IRQ Latch 
$FF — TCR Stack PC 
$00 — TSCR Set | Mask 


Select Prgm Flags 


Load Reset Vector 
-- Into PC 


.| Select INT Flags 


Load INT Vector 
Into PC 


"Interrupt 
Cycle =: 






Figure 6. Instruction Processing Sequence 
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JMP-START 
VECTOR (FFE-FFF) 


eee ee ee ee es 





START (ROUTINE) 
INSTRUCTION (I-N) 


LAST INSTRUCTION 
JSR INIT 


PROGRAM 





iRd 
RECOGNIZED 





~ TRO. 
SERVICE 
ROUTINE, 


LAST INSTRUCTION 
RTI 


PROGRAM 


Figure 7. Interrupt Mask 





__Causing an interrupt or reset by: pulling the RESET or 
IRQ pins low is the only way to bring the processor out 
of STOP mode. During this exit from STOP, the timer is 
used to provide the delay time necessary for the oscillator 
to stabilize. So, the prescaler and timer count register 
contents must be considered corrupted. 


WAIT 

The WAIT instruction places the MCU in a low power 
consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal cir- 
cuitry except for the timer. So, all internal processing is 
halted. However, the timer continues to decrement nor- 
mally if the PSI bit of TSCR is set. 


ee ee ee 


INTERRUPT 





MASK 
CLOSED 
INIT 
INITIALIZATION 
SUBROUTINE 
LAST INSTRUCTION 
RTI 
MASK 
OPEN 
INTERRUPT 
MASK 
CLOSED 
MASK 


OPEN 


During the WAIT mode,.external interrupts are enabled. 

All other registers, memory, and I/O lines remain in their 

- last state. Pulling the IRQ or RESET pin to logic low causes 

an exit from the WAIT mode. in addition, ETI bit of TSCR 

can be enabled by software-prior to entering the WAIT 

state. This allows an exit from WAIT via a timer interrupt 
as well as via external interrupts. 





TIMER 


A block diagram of the MC68HC04J3 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 
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Event Counter 
Input Gated Mode 








Output 


Output 








Figure 8. Timer Block Diagram 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. !t divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER ‘pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. Pk 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register and 
this write and a decrement-to-zero occur at the same 
time, the write takes precedence and TSCR bit one (TMZ) 
is not set until the next timer time out. 


TIMER PIN : 
The TIMER pin may be programmed as either an input 
or an output. .lts status depends on the value of TSCR 
bits 4 (DOUT) and 5 (TOUT). Two distinct input modes 
exist; input gated mode and input event counter mode. 


This relationship is shown in the TIMER pin status section 
of Figure 8. The frequency of the internal clock applied 
to the TIMER pin must be less than tpyte, which is the 
frequency of the oscillator divided by either 12, 24, or 48, 
then multiplied by the clock divide ratio. Whether fogc is 
divided by 12, 24, or 48 is a manufacturing mask option. 


TIMER INPUT EVENT COUNTER MODE 


In the timer input event counter mode, both TOUT and 
DOUT are logic zero. The TIMER pin is effectively con- 
nected directly to prescaler input. So, the timer/prescaler 
is clocked by the signal applied from the TIMER pin. 


TIMER INPUT GATED MODE 

’ {n the input gated mode, TOUT is logic zero and DOUT 
is logic one. The timer pin is an input which decrements 
the prescaler each machine cycle aslong as the timer pin 
is logic high. When the pin is logic low, counting is in- 
hibited. This mode permits the counting of the period of 
time during which the timer pin is logic high, based on 
the system clock and prescaler values. Gate times are 
fosc/1 2, fosc/24, and focs/48. 


TIMER OUTPUT MODE 

In the output mode, TOUT is logic one and the TIMER 
pin is connected to the DOUT iatch. So, the timer pres- 
caler is clocked by the internal sync pulse. This pulse is 
a divide-by-12, 24 or 48 of the internal oscillator depend- 
ing on the mask option. However, in the output mode, 
once the prescaler decrements the timer count register 
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to zero, the low TSCR bit 1 (TMZ) bit state is used to drive 


‘the data latched at TSCR bit 4 (DOUT) onto the TIMER . 


pin. 
NOTE 
TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a-write of $00 to TCR or by a'write 
to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be written. eat! 2 

7 0 
|_MsB LSB 
RESET: , 

1 ] 1 1 | 1 1 1 








TIMER STATUS/CONTROL REGISTER (TSCR) ($09) - 


7 6 5 4 3 2 1 0 
[our | psi | ese] est | so | 


RESET: 
0 0 0 0 0 0 0 0 


TMZ — Timer Zero 
1=Timer count register has reached the all-zero 
state since the last time the TMZ bit was read. 
0=This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 
ETI — Enable Timer Interrupt 
1=Timer interrupt enabled. 
0=Timer interrupt disabled. 
TOUT — Timer Output er 
1= Output mode is selected for the timer. 
_ 0= Input modes are selected for the timer. 

DOUT — Data Output “ar 
In the input mode, latched data at this bit is sent to 
the TIMER pin: when both the TMZ and TOUT bits 
are logic high. 

In the input mode: 
1=Timer input gated mode is selected 
____0=Timer input event.counter mode is selected — 
PSI — Prescaler Initialization — 
1=Prescaler begins to decrement. . 
0=Prescaler is initialized and counting is inhibited. 

PS0-PS2 
These bits are used to select the prescaler tap. The 

coding of the bits is shown below: 
































It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSGR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

_ During reset, the TSCR is set to all zeroes. The TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be written. 


; 0 
Ee ae 8 | 


i 1 1 ] 1 ] 








INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read/ 
modify/write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. - 


- Function 





Load A from Memory 





Load XP from Memory 





‘Load YP from Memory 





Store A in Memory 
AddtoA 
Subtract from A 
AND Memory to A 


Transfer A to XP 














Transfer A to YP : ; TAY 
Transfer YP to A " TYA 
Transfer XP to A. { TPA, 
Clear A 
Clear XP 


Clear YP 


Complement A 




















Rotate A Left and Carry 


Arithmetic Compare with Memory 





Move Immediate Value to Memory 
Arithmetic Left Shift of A.” 
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READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 


| Function 
DEC 





BRANCH INSTRUCTIONS 
This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. 
Branch if Carry Clear 


i CC 
Branch if Higher or Same 
Branch if Carry Set 
i E 















Branch if Lower (BLO) 
Branch if Not Equal 
Branch if Equal 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of the memory space, where all 
port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear, and bit test and 
branch functions are all implemented with a single in- 
struction. For the test and branch instructions, the value 
of the bit tested is also placed in the carry bit of the 
condition code register. Refer to the following list of in- 
structions. 


| Function [Mnemonic | 
, ...7) 
=0...7) 












BSET nin=0 
BCLR nin=0 


CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. 


ENoDpetenens ee con 


Jump to Subroutine ook 


























Jump Unconditional 














IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 


bler are shown below: 
Mnemonic | Becomes | 


Becomes 



















ASLA INCX INC $80 
BLO LOX! MVI $80 DATA 







DYI 
CLRX MVI $80 #0 NOP 


CLRY MVI $81 #0 
DECA DEC $FF 
DECX DEC $80 
DECY DEC $81 
INCA INC $FF 


BEQ (PC) +1 
STA $80 


TAY STA $81 
TXA ‘LDA $80 | 
TYA LDA $81 | 


J {os al 





















CLRA SUB $FF L 























Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 


el 


Ensures A is plus 









Mnemonic 


BCLR 7,$FF 
BSET 7, $FF 
BRCLR 7, $FF 


BRSET 7, $FF 
BRCLR 7, $80 
BRSET 7, $80 
BRCLR 7, $81 
BRSET 7, $81 












Ensures A is minus 









Branch if A is plus 








Branch if A is minus 
Branch if X is plus (BXPL) | 
Branch if X is minus (BXMI) 
Branch if Y is plus (BYPL) 7 
Branch if Y is minus (BYMI) | 























OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
applicable to the MC68HC04J3 MCU. 
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Branch Instructions 


Table 1. Opcode Map 





















































IMM 





Register/Memory, Control, and Bit Manipulation © Register/Memory and |. 
Read/ Modify/Write lestruerons anstiuctions Read/Modify/Write 


4 
. 


3 











* BRCLRO BCLRO 











3 


3 


3 


3 


5 4 
BRSET1 BSET1 * STA 


3 


2 


3 Bre 
5 4 
BRCLAI1 
5 
BRCLR2 BCLR2 
BT B BSc 


5 
BRCLRS 


5 
BRCLRE 





5 
BRCLR7 










5 
BRSETO 





5 
BRSET2 BSET2 


Hey 


BTB 










ADD AOD 
RIND}? RIND 
Sus SUB 

1 RIND{ 1? RIND 
: BAND: 
4 

BCLRS AND AND 
2 BSC |r RIND |1 RIND 









BTB 






BTB 





BTB]z _ 


oO 
> 
rc" 
o 
> 
o 





BTB 





BTBI2 BSC 2 OR 





2 IMM f 2 oir 


81 BI2 





3 


5 
BRSET3 











8TB 



























Abbreviations for Address Modes 


INH Inherent 

s-0 Short Direct 

B-T-B Bit Test and Branch © 
IMM — Immediate 


DIR Direct 
EXT Extended 
REL Relative 


BSC Bit Set/Ciear 
R-IND Register Indirect 


3 


5 
BRSET4 









CRa:) 



































Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 


3 


5 
BRSET6 


3 


5 
BRSETS 








BTB/2 BSC 








“n 
Cc 
ao 

a 
an 
Cc 
@ 








BSET6 
Bsc 













81TB6)2 














5 
BRSET7 BSET7 





Cycles 
Mnemonic 
Bytes 








a 






Brel2 BSC 





LEGEND 





Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address” (EA) is used in 
describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes in memory with a single two-byte 
instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM which it can use, ($80, $81, 
$82, and $83). The opcode determines the data. space 
RAM location, and the instruction is only one byte. Short 
direct addressing is a subset of the direct addressing 
mode. The X and Y registers are at locations $80 and $81, 
respectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing ‘mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 


—15 to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that. it is within the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A and B are write 
only registers (registers. at $04, $05). A read oper- 
ation on these registers is undefined. Since BSET 
and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit; all “un- 
affected” bits would be set. Write all DDR bits j ina 
port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the 256 locations of memory. The span 
of branching is from —125 to +130-from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


ting [bal] Vat | 
Supply Voltage | Yop | -03t0+70 | v_| 


Vin |Vss—-0.3 to} V 
Vpp+0.3 
see 
Total Current for ; Sink 30 mA 
Ports A, B, C EXTAL, TIM . Source 15 


Operating Temperature Range ‘Comm.) 
Operating Temperature Range (Ind.) 
TJ °C 











This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
. or electric fields. However, it is advised that nor- 
mal precautions be taken to avoid applications of 
any voitage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation itis recommended that Vin and Voyt be con- 
strained to the range Vgg<(Vjn)<Vpp. Reliability 
of operation is enhanced if unused inputs except 
EXTAL are connected to an appropriate logic volt- 
age level (e.g., either Vss or Vcc). 















Input Voltage 






Current Drain per Pin 
Excluding Vpp and Vsg 
























Storage Temperature Range 





Junction Temperature 
| Plastic 





THERMAL CHARACTERISTICS 





Characteristic 





Thermal Resistance 
Plastic 








POWER CONSIDERATIONS For most applications PportT<Pint and can .be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Ta+ (Pp + ®ja) . (1) Pport is neglected) is: 
where: Pp=K= (Ty +273°C) (2) 
Tp = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 
BJA = Package Thermal Resistance, K=Pp * (Ta + 273°C) + byArPD2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. 
Pp = Pintt+ Pport K can be determined from equation (3) by measuring Pp 
PINT  =!cec*Vec, Watts — Chip Internal Power (at equilibrium) for a known Ty. Using this value of K, 


Pport = Port Power Dissipation, 
Watts — User Determined 


VppD 


RL 
Pin 
Under 
Test 
50 pF Ry 


the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 


Vpp= + 4.5V 


loL/IOH = 800 pA 
RL=Ry=4.6 kQ: 


Vpp= +2.7V 


IOL/IOH = 200 pA 
RL=Ry=10.5 kO 


Vpp= +2.0V 


IOL/IOH = 100 pA 
RL=Ry=16 kQ 


Figure 9. Equivalent Test Load 
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CONTROL TIMING CHARACTERISTICS 


ET UCT 
[ruin cock Frequenoy SSS tg | 

Noise tinbiNin ee eee ee 
RG esWae Se yp oe es 
[RESET rues Wiese IS nie ee 


ee ee ee 
- 

. Vpp= +2.2 Vde +10%, Vgg=0 Vde, Ta =0°C to 70°C . 
eo eee 
oe ae 
es ee eel ae 
7 il (ink sce de Pa 


NOTE: 2 V operation is a user-selectable option only. Prior consultation with the factory is required. 
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um 
Al 
1000 LAT 
s ~~ 100 
$ 8 
a 
Ht 
io LE 
2 nut Hn 
PPA TT Th 
Coy Coon HY oh 
1 maeiill PLT PPO TET] 
1k 10k 100k im 1¢m 
Clock Frequency (Hz) Clock Frequency (Hz) 
Figure 10. Typical RUN Current vs Figure 11. Typical WAIT Current vs 
Clock Frequency Clock Frequency 
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DC ELECTRICAL CHARACTERISTICS (Typical pull-down sink current for Voyt=Vpp is 50.pA.) 


Po eee eee |e lee oe 


Yop=+ +5 Vde +10%, Vgg=0 Vde, Ta=0°C to 70° C 


Output Voltage, I_gaq(10.0 uA VOL 
VOH Wipe 0.1 

Output High Voltage, ILgpag= +800 pA) Ports, TIM VOH Vpp — 0.4 
Output Low Voltage, ILgaq= +800 pA) Ports, TIM VOL _— 

Input High Voltage Ports, TIM, XTAL,MDS} Viq | 0.7xXVpp Vop vO. 

; RO, RESET VIH 0.8xVpp Vpop 
Input Low Voltage Ports, TIM, XTAL, MDS VIL Vss- 0.3 Vpp _Vv 
VIL: Vss 0.2XVpp 
No dc load, teye=1/fcL (max), WAIT* 


IRQ, RESET 
Vi_=0.2 V, Viq=Vpp —90.2 V a 5 


Capacitance per Pin PORTS (as re or Sei Cout poe | 


RESET, IRQ, TIM, XTAL, MDS Cin 


Output Voltage, IL 9aq(10.0 pA VOL 
VOH Won= 0.1 
Output High Voltage, ILopad= —200 pA) Ports, TIM VOH VDD - 0.3 
Output Low Voltage, ILoad= +200 »A) Ports, TIM VOL 
Input High Voltage Ports, TIM, XTAL, MDS VIH 0.7x Vpp Vop 
IRQ, RESET VIH 0.8xVpp  Vpp 
Input Low Voltage Ports, TIM, MDS, lla VIL Vss 
iRO, RESET VIL Vss 


Total Supply Current 
CL=50 pF, Ports, TIM, RUN 
No dc load, teye = 1/fc_ (Max), WAIT* 
ViL=0.2 V, ViH=Vpp—0.2 V STOP* 


IDD 
IDD 
IDD 
I/O Ports Input Leakage Vgs(Vi(Vpp | on | 









































Total Supply Current ‘ 
C_=50 pF, Ports, TIM, RUN 













°° 
Ro © 
x xX 
<< 
whe) 
oo 
< 









E33 : Le 
reba | <<] -/< th 


; | 
.— 
> 


Input Current _RESET;IRO,TIM| lin | 
Capacitance per Pin PORTS (as Input or Output) 
hn. 


RESET, IRQ, TIM, XTAL, MDS 


is 
—_ 
r 
> 









Output Voltage, ILoaq{10.0 pA VOL 
VOH Vpp - 0.1 
Output.High Voltage, ILgaq= — 100,A) Ports, TIM VOH VDD ~ 0.3 
Output Low Voltage, ILgad= +100 pA) Ports, TIM VOL 


Input High Voltage =~ Ports, TIM, XTAL, MDS 
IRQ, RESET 


Ports, TIM, MDS, XTAL 
IRQ, RESET 















Input Low Voltage . 









Total Supply Current ; 
C._=50 pF, Ports, TIM, “RUN 
No de-load, teye = 1/fcL(Max), : _ WAIT* 
ViL=0.2v, Vin=Vpp-0.2 V, STOP* 


V/O Ports Input Leakage Vgs(Vi(Vpp 
Input Current REST, IRQ, TIM 


Capacitance per Pin PORTS (as Input or Output) 
_- RESET, IRQ, TIM, XTAL, MDS 







*Measured under the following conditions: 

- All ports and timer pin are configured as input - EXTAL is open circuit 

— XTAL is driven by a square wave input ~ port pull downs not enabled 
NOTE: Typical pull-down sink current for Voyt=Vpp is 50 pA. 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to 
Motorola using the following media: 

MDOS, disk file 
MS-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or MS®-DOS 
disk file), programmed with the customer's program (po- 
sitive logic sense for address and data), may be submitted 
for pattern generation. The diskette should be clearly la- 
beled with the customer’s name, date, project or product 
name, and the filename containing the pattern. 

in addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6804 memory. It is necessary to include the entire 
memory image of both program and data space. All un- 
used bytes, including those in the user space, must be 
set to logic zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM® PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC68HC04J3 program. Two 2516 or 2716 type EPROMs 
or a single 2532 or 2732 type EPROM can be submitted 


MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


for pattern generation. The EPROM is programmed with 


the customer program using positive logic sense for ad- 


dress and data. Submissions on two EPROMs must be 
clearly marked. All unused bytes, including the user’s 
space, must be set to zero. 

If the MC68HC04J3 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $970 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


Verification Media 

All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type, temperature, and order num- 
bers for the MC68HC04J3. 


Ordering Information 





Package Type Temperature Order Number 





Plastic 0°C to 70°C MC68HC04J3P 
(P Suffix) — 40°C to +85°C | MC68HC04J3CP 





IBM is a registered trademark of Internal Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 
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Product Preview 
8-Bit HCMOS Microcontroller Unit 


The MC68HC04P4 Microcontroller Unit (MCU) device is a member of the M68HC04 Family of low- 
cost, low-power, single-chip microcontrollers. It is designed for the user who needs an economical 
MCU with the proven capabilities of the M6805-based instruction set. 

The following are some of the hardware and software features of the MCc6sHCo4P4, 

e HCMOS Technology 
Power Saving STOP and WAIT Modes 
156 Bytes of RAM | 
3744 Bytes User ROM (including RESET and IRQ vectors) 
72 Bytes of Data ROM 
352 Bytes of Selfcheck ROM 
20 Bidirectional Memory Mapped I/O 
Versatile Indirect X and Y Registers 
On-Chip Clock Generator 
Master and Power-Up Reset 
External and Timer Interrupts 
Single 2-6 Volt Supply 
Byte Efficient Instruction Set 
True Bit Manipulation 
Bit Test and Branch Instruction 
Conditional Branch 
Single Instruction Memory Examine/Change 
Timer Pin is Software Programmable as Clock Input or Timer Output 
9 Powerful Addressing Modes 
STOP and WAIT Instructions 
Crystal/Ceramic Resonator 


User's Selectable Options 
— Pull-ups on IRQ and RESET 
— Crystal or Ceramic Resonator Oscillator or Special Resistor and Capacitor 
— Interrupt, Edge Sensitive, or Special Level-Sensitive, or Edge and Level Sensitive 


@ 28-Pin DIP and PLCC Package 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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CRYSTAL, OSCILLATOR 
RESONATOR, M6sHC04 
OR RC FAMILY 
PROCESSOR 
5 VOLTS POWER 
156 BYTES 
RAM - 
RESET CONTROL 
AND MODE : 


BIDIRECTIONAL 
0. PORT 
PINS 

















3744 BYTES 
USER ROM 





EXTERNAL 
INTERRUPT 


INTERRUPT 


BIDIRECTIONAL 
1/0 PINS 


72 BYTES DATA 
ROM 


TIMER INPUT OR 
i; _ TIMER OUTPUT 





356 BYTES 
BOOTSTRAP 
ROM 
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Product Preview 


One Time Programmable ROM (OTPROM) or 
Standard Eraseable Programmable Read-Only | 
Memory (EPROM) Microcomputer 


The MC68HC704P4 Microcomputer Unit (MCU) device is similar to the MC68HC04P4 with the fol- 
lowing exceptions. The exceptions incorporate 3740 bytes of One Time Programmable Read- Only. 
Memory (OTPROM) or Standard Eraseable Programmable Read-Only Memory (EPROM) and 124” 
bytes of RAM (refer to the block diagram). 


The following are some of the hardware and software features of the MC68HC704P4. 
@ HCMOS Technology 
@ Power Saving STOP and WAIT Modes 
@ 124 Bytes of RAM 
@ 3740 Bytes of OTPROM or EPROM (including | RESET and IRQ vectors) 
© 72 Bytes of Data PROM/EPROM 
@ 352 Bytes of Selfcheck ROM 
@ 20 Bidirectional Memory Mapped I/O 
@ Versatile Indirect X and Y Registers 
@ On-Chip Clock Generator 
@ Master Reset 
@ External and Timer Interrupts 
@ Single 2-6 Volt Supply 
e@ Byte Efficient Instruction Set 
@ True Bit Manipulation 
@ Bit Test and Branch Instruction 
® Conditional Branch 
@ Single instruction Memory Examine/Change 
@ Timer Pin is Software Programmable as Clock Input or Timer Output 
®@ 9 Powerfu! Addressing Modes 
@ STOP and WAIT Instructions 
@ Crystal/Ceramic Resonator 


@ OTPROM/EPROM Option Register User's Options 
—Edge or Level IRQ 
~Oscillator Divide Ratio (by 1, 2, or 4) 
-OTPROM/EPROM Content Protection 


@ OTPROM/EPROM Self-Programming Mode 

@ OTPROM/EPROM Contents Verification by On-Chip Signature Analysis 
@ 28-Pin DIP (OTPROM) Package 

@ 28-Pin DIP (EPROM Window) Package 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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CRYSTAL, 
RESONATOR, 
OR RC 


5 VOLTS 


RESET 
AND MODE 


INTERRUPT 


TIMER INPUT OR 
TIMER OUTPUT 


OSCILLATOR - © 


CONTROL 


EXTERNAL 
INTERRUPT 


MC68HC704P4 


BLOCK DIAGRAM 


- M6BHC04 


FAMILY 
PROCESSOR 






124 BYTES 
RAM 


3740 BYTES ee BIDIRECTIONAL : 
stank | PINS UO 
EPROM 


72 BYTES DATA 
OTPROM 


EPROM 


356 BYTES 
BOOTSTRAP 
ROM 
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Technical Summary 
8-Bit Microcomputer Unit 


The MC6805P2 (HMOS) Microcomputer Unit (MCU) is a member of the MC6805 Family of micro- 
computers. This jow cost and high speed MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the below list for additional features 
available on the MCU. Mi 
























@ Internal 8-Bit Timer with 7-Bit Programmable Prescaler @ Vectored Interrupts 
@ On-chip Oscillator e@ 64 Bytes RAM 
@ Memory Mapped |/O @ Low Voltage Inhibit Option 
@ Versatile Interrupt Handling e@ Self-Check Mode 
@ True Bit Manipulation e@ Master Reset 
@ Bit Test and Branch Instruction @ 1100. Bytes ROM 
@ 20 1/0 Ports 
BLOCK DIAGRAM 
XTAL EXTAL RESET NUM INT 
TIMER Prescaler 
7 8 Counter 
PBO 
Accumulator PB1 
8 a CPU Gata t Pea PB2 Port 
Index Control Dir. B Boe i 
Regist Reg. : 
PAO ene og] ea PBS Lines 
PAI Condition PB6 
Port PA2 Baccl bats Code Eee 
A PAS A Dir 5 Register CC 
1/0 PA4 Re R ; 
Lines PAS 9- eg. Stack 
PA6 Pointer 
PA7 2 ols PCO Port 
Program PC] Cc 
Counter 
: PC2 1/0 
3 High PCH PC3 Lines 
1100 x8 Program 
User ROM Counter 
116 X 8 Self: Low __ PCL 
Check ROM 
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~ SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vgg is 
ground. 


INT 


This pin provides the capability for asynchronously ap- | 


plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for additional information. 


NUM (Non-User Mode) 


This pin is not for user applications and must be con- 
nected to Vss. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 





Crystal 


Approximately 25% to 50% Accuracy 


upon selected manufacturing mask options) is connected 
to these pins to provide a system clock. 


RC Oscillator 

With this option, a resistor is. connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Crystal 

The circuit shown in Figure 1 is recommended when — 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal. and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. : 






External ™ 
Clock 
Input 


External Clock 


Typical teyc= 1.25 ps 
External Jumper 


Crystal Parameters Cy 


EXTAL 





AT — Cut Parallel Resonance Crystal 
Co=7 pF Max. - 

Freq=4.0 MHz@C, =24 pF 

Rg =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Cg, Cy, and Rs values. 


Rs XTAL 


Vcc 






Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
« External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 
50 pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal 


used. 


Figure 1. Oscillator Connections 
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8.0 


6.0 
5.0 
4.0 
3.0 
2.0 


Oscillator Frequency (MHz) 


0 10 20 30 40 50 60 70 80 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option only 


TIMER 


This pin can be used as an external input to control the 
internal timer/counter circuitry or gating $2 input to timer, 
depending on mask option. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
puliup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). Ports A, B, and C are programm- 
able as either inputs or outputs under software control 
of the data direction registers. Refer to PROGRAMMING 
for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Any port pin is programmable as either input or output 
under software control of the corresponding data direc- 
tion register (DDR). The port 1/O programming is accom- 
plished by writing the corresponding bit in the port DDR 
to a logic 1 for output and a logic 0 for input. On reset, 
all the DDRs are initialized to-a logic 0 state to put the 
ports in the input mode. The port output registers are not 
initialized on reset and should be written to before setting 
the DDR bits. 

When programmed as outputs, the latched output data. 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This may be used to initialize the data 
registers and avoid undefined outputs. Care must be ex- 
ercised when using read-modify-write instructions since 
the data read corresponds to the pin level if the DDR is 
an input (0) and also to the latched output when the DDR 


is an output (1). Refer to Table 1 for I/O functions and to 
Figure 3 for typical port circuitry. 


Table 1. I/O Pin Functions 


Data 
Direction 
Register 

Bit 





MEMORY 


The MCU is capable of addressing 2048 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of 1092 bytes of user ROM, self- 
check ROM, user RAM, a timer control register, and I/O. 
The user interrupt vectors are located from $7F8 to $7FF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


~~ 
Qo 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


~~ 
o 


: 


PROGRAM COUNTER (PC) 


“The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 
10 8 7 0 


PCH PCL 
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Data 
Direction Register 
Bit* 


n 
3 8 Bee 
£6 utput 
2 e Data 
pei) Bit 

ro) 

*DDR is a write-only register and reads as all ‘’1s’’. 

7 PORT DATA REGISTER 0 





Port A Addr = $000 
Port B Addr= $001 
Port C Addr= $002 (Bits O—>3) 









PORT DATA DIRECTION REGISTER (DDR) 





(1) Write Only; reads as all ’’1s’’ 
(2) 1= Output; 0= Input. Cleared to 0 by reset. 
(3). Port A Addr = $004 

Port B Addr= $005 ‘ 

Port C Addr= $006 (Bits O—>3) 


Figure 3. Typical Port I/O Circuitry and 
Register Configuration 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls-(less if interrupts are allowed). 


10 5 4 0 
fofofofofrfs} se] 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a-result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
faliin|z{e | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 
When this bit is set, the timer and external interrupt is 


- masked (disabled). If. an external interrupt occurs while 


this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) ee 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1). ; 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) : 

When set, this bit indicates that a. carry or borrow out 
of the arithmetic Jogical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 
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1/0 Ports 
Timer 


























Page Zero RAM 
Access with 127 (128 Bytes) 
Short 128 
Instructions Page Zero 
User ROM 
(128 Bytes) 
255 
256 "Not Used 
959 (704 Bytes) 
960 
Main User 
ROM 
(964 Bytes) 
1923 
1924 
a Self Check 
ROM 
2039 (116 Bytes) 
aoe Timer Interrupt 
Interrupt ae External Interrupt 
Vectors ‘) 2044 ae ee 
2045 
2046 
2047 






























Not Used 
Port ADDR 
Port B ODR 


Port C DDR] $006* 


Not Used $007 


















Timer Data Reg 






Timer Control Reg 


Ooo ON OD OF F WN 





= 








Not Used 
(54 Bytes)’ 























63 $03F 
64 $040 
(64 Bytes) 
Stack 
(31 Bytes 
Maximum) 
$O7F 


*Caution: Data direction registers (DDRs) are write-only, set to $FF. 


Figure 4. Memory Map 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following tests are executed automatically: 

I/O — functionally exercise I/O ports 

RAM — walking bit test 

ROM — exclusive OR with ODD “1s” parity result 

Timer — functionally exercise timer 

Interrupts — functionally exercise external and timer 

interrupts 

Table 2 shows the status of the LEDs as a result of a 
failure. Port C is tested only once (just after reset). If port 
C fails, no lights will appear. 


Table 2. Self-Check Error Patterns 













Problem 





= 


—_——} 


Interrupt Failure 
Bad Port A or Port B 






















All 4 LEDs Flashing | Good Device 


RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET), .and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


LOW-VOLTAGE INHIBIT (LVI) 

The optionai low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (V_yj). The only requirement being that Vcc 
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Vss=Pin 1 


*This connection depends on the clock oscillator user selectable mask option. 
Use crystal if crystal option is selected. 


Figure 5. Self-Check Connections 





Figure 6. Power-Up RESET Delay Circuit - 


must remain at or below the V_yj threshold for one tey¢ 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc. The ouput from the low-voltage detector ‘is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset:is removed once the power 
supply voltage rises above a recovery level (VLvpR),.at 
which time. a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). a : 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RT! instruction causes the reg- 
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current. instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked 
(I bit clear) proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt'service. If the 
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76 5 4-3 2 1 ~+0 Pull timer interrupt status bit is cleared before unmasking the 
Condition interrupt, then the interrupt is not latched. 
n-4) 111.1 Code Register ["+! If both an external interrupt and a timer interrupt are 





- pending at the end of an instruction execution, the ex- 
n+2 ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
n+3 of the | bit. Refer to Figure 8 for the reset and interrupt 

instruction: processing sequence. 

TIMER INTERRUPT 

n+5 If the timer mask bit (TCR6) is cleared, then each time 
Push the timer decrements to zero (transitions from $01 to $00) 
an interrupt request is generated. The actual processor 


interrupt is generated only if the interrupt mask bit of the 
Figure 7. Interrupt Stacking Order condition code register (CCR) is also cleared. When the 






n+4 





*For subroutine calls, only PCH and PCL are stacked. 






1-=t Bit (in CC) Clear 













O7F—SP 

0-DORs lear 
CLR INT Logic INT 

FF-~Timer Request 
7F-=Prescaler Latch 










7F-—-TCR 













Load PC From: | 
SWI: 7FC/7FD 


Put 7FE on 
Address Bus 





INT: 7FA/7FB 
TIMER: 7F8/7F9 











Fetch 
Instruction 






is Fetched 
Instruction 
an SWI? 








Pin = High 


RESET } 
Pin= Low / nen 
RESET 
PC=PC+1 


Load PC 


from 
7FE/7FF 





Execute All 
Instruction 
Cycles 


Figure 8. Reset and Interrupt Processing Flowchart 


MOTOROLA MICROPROCESSOR DATA 
3-403 





MC6805P2 


interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 


timer interrupt service routine, the software normally ex-: 


ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. Clearing the | bit 
enables the external interrupt. The MC6805P2 only re- 
quires negative edge-sensitive trigger interrupts. The fol- 
lowing paragraphs describe two typical external interrupt 
circuits, 


Zero-Crossing 

A sinusoidal input signal (fjyqt maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt -. 

With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw L, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


(a) Zero-Crossing Interrupt 





ac 


(Current 
Input , 
(fint Max.) Limiting) 
Rs.1 MQ 
ac Inputs. 
10 Vac p-p 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The timer source is made during manufacturing as 
a mask option. The 8-bit counter may be loaded under 
program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) is set. Refer to Figure 
10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MCU responds to this in- 
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER- 
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec- 
rement the timer prescaler. 

Clock input to the timer can be from-an external source 
or from the internal phase two signal. Clock source is one 
of the mask options available. A prescaler mask option 
is also available that can provide up to a maximum of 
128 counts to the clock input. 


NOTE 


If 2 is used timer input should be tied to Vcc. If 
low, it will gate 2 off. 


(b) Digital-Signa! interrupt 
Vcc 





TTL 
Level 
Digital 
Input 


Figure 9. Typical Interrupt Circuits 
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o2 
(Internal) 







Manufacturing 
Mask 


Options Write 


~ Prescaler 
21 22 23 24 25 26 27 







8 Bit Counter 
Timer Data Register (TDR) 






Timer 
-J-—. Interrupt = Timer 
1 Request Interrupt 
4 (THR), Mask (TIM) 
! Not Used 





|: Timer Control Register (TCR) |. 


“| 


Read Write Read 





internal Data Bus , 


Figure 10.. Timer Block Diagram 


TIMER CONTROL REGISTER (TCR) $009 


This 8-bit register controls timer interrupt request and 
inhibit signals. 


7 6 5 4 3 2 1 0 
fe Ase al te Ne a 
RESET: ee 

0 1 U U U UU U 


TIR — Timer Interrupt Request ae 
Used to indicate the timer interrupt when it is logic 
one 
. 1=Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask _ 
Used to inhibit the timer interrupt. 
1=Interrupt inhibited 
0=Interrupt enabled 
Bits 5 through 0 
Not used 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 


jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Load A from Memory 
Load X from Memory . : 


Store X in Memory 
Add Memory to A ‘ 





















Add Memory and Carry toA 


Subtract Memory 





Subtract Memory from A with Borrow 
AND Memory to A : 
OR Memory with A 





Exclusive OR Memory with A 


Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 

Bit Test Memory with A (Logical Compare) 
Jump Unconditional 


STX 
ADD 
SUB 

| OR | 


Jump to Subroutine : 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control; and on- 
chip RAM reside. An additional feature allows the ‘soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit-test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
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code register. Refer to the following list for bit manipu- 


lation instructions. 
Funetion [Mnemonic | 
Branch if Bit n is Set BRSET.n (n=0... 7) 
Branch if Bit nis Clear . BRCLR n (n=0... 7) 
BSET n (n=0...7) 











READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


| Function Mnemonic 
"NEG 
















[Neget (2's complemen) ———SSCSSC*dCNG 





ROL 
ical, Shift LSL 
Logical Shift Right LSR 
Arithmetic Shift Right , ASR 
Test for Negative or Zero TST 





BRANCH INSTRUCTIONS 


This set of instructions branches if a_particular condi- 
tionis met; otherwise, no operation is performed. Branch 
instructions .are two. byte instructions. Refer to the fol- 

~ lowing list for branch instructions. 


etn 
[Grinch lowe 


Branch if-Not Equal 


Branch if Carry Set 


Branch if Equal 


— Continued — 


| ROL 
| ROR | 
Logical Shittleh | th 
| isk | 
| ASR _| 


Branch if Half Carry Clear 
Branch if Half Carry Set 
Branch if Plus 


Branch if Minus 





Branch if Interrupt Mask Bit is Clear 


Branch if Interrupt Mask Bit is Set 


Branch if Interrupt Line is Low 


Branch if Interrupt Line is High 





Branch to Subroutine 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 


_instructions. 





Function Mnemonic 
Transfer AtoX ° TAX 
TransferXtoA = TXA 
Set Carry Bit SEC 
Clear Carry Bit CLC 
Set Interrupt Mask Bit SEI - 
Clear interrupt Mask Bit CLI 
Software Interrupt swi 
Return from Subroutine RTS 
Return from Interrupt RTI 
RSP 





No-Operation NOP 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. , 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are .singie byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two byte di- 
rect addressing instructions access all data bytes in most. 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. , 
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Table 3. Opcode Map 
































































































































Bit Manipulation Branch : Reed Modi “Write Control | Register/ Memo ae 
T. R oR INH INH 1X1 IX INH INH IMM DIR oe ee ae | | Kl 
Hi 3) 4 5 6 7. st 9 A 8 D Hi to 
0000 001 0010 001) 0100 0101 0110 oily 1000 1001 1010 1011 1100 wo | am Mt Tow | 
107. 4 4 ry 7 3 4 : 
ra BRSETO BRA NEG NEG NEG NEG NEG | RTI SUB SUB | 9 | 
0000 BIB REL} 2 HR 1 IN 1 INH {| 2 1x1 x i INH i I QO00 
1 BRCL BRN 
001 8 REL 2 IMM | 2 DIR 
< 4 4 
2 BRSET1 BSET1 BHI SBC SBC ra 
0010 35 BTB 2 B 2 R' IMM. é DIR 0 
3 -| BRCLRI BCLR1 BLS CPX CPX ea 
Qo BTB 2 8 R (IMM. 2 O'R 00 
10 x 
4 » BRSET2 BSET2 BCC AND AND ee 
0100 2, B1B 2 B 2 REL IMM 2 DIF, 0100 
1 — 
5 BRCLR2 | BCLR2 BCS. BIT BIT ra 
0101 3 BTB B R' IMM DIR X 010 
P10 5 Z 4 . 6 4 
6 . |.BRSET3 | BSET3 BNE LDA LDA ra 
0110 BIB” R IMM | 2 OIR 0 
10 7 4 6 5 
7 “BRCLR3 | BCLR3 BEO STA 
Qu BIB g REL 2 DIR Q1it 
7 4 6 4 
8 BSET4 BHCC EOR EOR 8. 
1000 _- 5 BTS 4 B , R IMM 3 DIA 1000 
3 : 
9 BRCLR4 | BCLR4 BHCS ADC ADC | 8 | 
1001 3 81B 2 _BSC 2 R IMM 2 OIR 
{) 
191 Z 3) é R IMM | 2 BIR 
1011 2 BSC 12 A IMM | 2 DIR 
10 A 4 a7 : 2 3 
c BRSET6 | BSET6 BMC INC INCA INCX INC INC RSP JMP JMP 
1100 BTB B 2 Ret } 2 DIR J 1 INH} 1 INH J 2 IXt e 1X | il INH 2 OR, 1X2. 1 ix 1100 
10: 7 4 6 “Y 4 . “ 2 8 : B 
ee BRCLRE BCLR6 BMS - TST TSTA TSTX TST TST r NOP BSR JSR R JSR | 8 | 
Q 5 BT8 a 2 a ] 1 INH | 1 INH | 2 iX1 IX | 1 INK 3 REL Z OR | 3 EXT] 3 \X2],2 - XT I ib.§ 
iT : e ‘ 
E BRSET7 | BSET7 BIL : | : LOX LDX ~ LD LDX LOX LDX aa 
1110 B18 B 2 REL 2 { -2 IMM | 2 oR | 3 EXT] 3 b,§ x11 ix 
10 7 T4 6 4 4 7 2 ° 
F BRCLA7 | BCLR7 BIH CLR CLRA CLRX | CLR CLR TXA is STX STX ST STX STX 
wu 3 8TB {2 BSC j 2 REL | 2 DIR [1 INH |} INH | 2 x4 Ix ii INH : 2 DIR { 3 ExT { 3 1X2 { 2 iXt po x Wi 
Abbreviations for. Address Modes 
INH Inherent Opcode in Hexadecimal 
IMM Immediate : 
DIR’: © Direct. £ 5k Cycles 
EXT Extended - ‘a veles Opcode in Binary 
REL _ Relative nemone, 
BSC ~ Bit Set/Clear Bytes 


BTB Bit Test and Branch 

Ix Indexed (No Offset) 

1X1 Indexed, 1 Byte (8-Bit) Offset 
IX2 - Indexed, 2 Byte (16-Bit). Offset 
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The term “effective address” (EA) is used in describing 


the various addressing modes. Effective address is de-... 


fined as the address from which the argument! for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand.is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution {e.g., a 
constant used to initialize a loop counter)... 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 


bit signed byte (the offset) following the opcode is added: 


to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0: location. 


INDEXED, 8-BIT OFFSET 


_. In the indexed, 8-bit offset addressing mode, the ef- 

fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 


tables may begin anywhere within the first 256 address- 
able locations and. could extend as far as location 510 
($1FE is the last location at which ‘the instruction may 
begin). 


INDEXED, 16-B!T OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows-.tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single 2-byte instruc- 
tion.- 


CAUTION | 


The corresponding DDRs for ports, A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers always 
returns a ‘’1"’. Since BSET and BCLR are read-mod- 
ify-write functions, these instructions cannot be used 

to set or clear a DDR bit (all “unaffected” bits would . 
be set). It is recommended that all DDR bits in a 
port be written using a single-store instruction. 


BIT TEST and BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 


register. 


.. INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations:specifying only the index register or 
accumulator as.well as the control instruction with no 


: other arguments are included in this mode. These in- 


structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


[Rating [Symbol] Vane 
Supply Voltage | vec | -0.3 to +7.0 


These devices contain circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, norma! 
precautions should be taken to avoid appli- 


























Input Voltages cation of any voltage higher than the maxi- 
(Except Timer in Self-Check mum rated voltages to this high-impedance 
Mode) circuit. For proper operation, Vin and Vout 
Self-Check Mode (TIMER Pin should be constrained to the range Vsg < 


ani 
V 
—0.3 to + 15.0 


Vcc 
Ta TL to Ty 22 
0 to 70 
-40 to +85°C* 


Only) 
Operating Temperature Range 


(Vin and Vout) < Vcc. Reliability of operation 
is enhanced if unused inputs except EXTAL 
are tied to an appropriate logic voltage level 
(e.g., either Vss or Vcc). 










°C/W 
150 
175 


Storage Temperature Range 


Junction Temperature 
Plastic 
Cerdip 





*Available at additional cost 


THERMAL CHARACTERISTICS 


Characteristic 











Thermal Resistance 


Cerdip 
Plastic 





POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can For most applications P|;Q<PijyT and can be neglected. 
be obtained from: The following is an approximate relationship between 
Ty=Tat (Pp + 8y,) (1) Pp and Ty (if Pio is neglected): 
where: Pp =K+(Ty +273°C) : (2) 
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 
@ja = Package Thermal Resistance, K=Pp + (Ta + 273°C) + 85a * Pp2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp =Pintt+Pro can be determined from equation (3) by measuring Pp 
PINT =!cc Vcc. Watts - Chip Internal Power (at equilibrium) for a known Ty. Using this value of K, 
PiiQ. = Power Dissipation on Input and Output the values of Pp and Ty can be obtained by solving equa- 
Pins - User Determined tions (1) and (2) iteratively for any value of T,. 
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ELECTRICAL CHARACTERISTICS Be es 
(Vcc= +5.25 +0.5 Vde, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 







































































Input High Voltage VIH Vv 
RESET (4.75 < Vcc = 5.75) 4.0 ae Vcc 
— (Vee < 4.75) Vcc -0.5 _ Vcc 
INT (4.75 = Vcc = 5.75) 4.0 . Vcc 
(Vcc < 4.75) Vcc —0.5 * Vcc 
All Other 2.0 _ Vcc =] 
Input High Voltage Timer ViH i>, Vv. 
Timer Mode 2.0 _— Vect+1 
Self-Check Mode 9.0 - 10.0 15.0 | 
| +— 
Input Low Voltage Vie V 
RESET Vss _ 0.8 
INT Vss * 1.5 
All Other Vss {= 0.8 J 
—— ; — 
RESET Hysteresis Voltage V 
“Out of Reset” VIRES — 2.1 _ 4.0 
“Into Reset” . VIRES + 0.8 a 2.0 | 
3 Internal Power Dissipation - No Port Loading Vcc =5.75 V, PINT = 400 690 mw 
Ta =0°C 
Input Capacitance Cin * pF 
XTAL — 25 — 
All Other — 10 ae | 
VLVR . = am |v 
Low Voltage Inhibit 0°C to 70°C VLVI 2.75 3.5 _— Vv 
— 40°C to +85°C 3.1 3.5 _ 
Input Current lin nA 
TIMER (Vin =0.4 V) _— — ‘20 
INT (Vin = 2.4 V to Vcc) _— 20 50 
’ EXTAL (Vin =2.4 V to Vcc, Crystal Option) - — _ 10 
(Vin=0.4 V, Crystal Option) _ — — 1600 
RESET (Vjn =0.8 V) -4.0 — -40 
(External Capacitor Charging Current) 


*Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc. 








Vcc =5.76V 







Vcc=5.75V 
Test MMD6150 
Point or Equiv. 


Test MMD6150 
Point or Equiv. 







1.5kQ 2.97 kO 


MMD7000 
or Equiv. 


40 pF 
(Total) 


30 pF 


(Total) 


1.25k8y MMD7000 
t or Equiv. 


Test Point a 
i; 30 pF (Total) 


Figure 11. TTL Equivalent Test Load Figure 12. CMOS Equivalent Test Load Figure 13. TTL Equivalent Test Load 
(Port B) (Port A) (Ports A and C) 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 £0.5 Vde, Vgg =0 Vde, Ta =0° to 70°C, unless otherwise noted) 


Characteristic | symbol | min | tye | Max | unit 


Port A with CMOS Drive Enabled 


Output Low Voltage, ILoad= 1.6 mA i ea ee ee 


Output High Voltage, ILgaq= — 100 pA 


< 
2) 
x= 
< 
io) 
ron 
| 


Output High Voltage, iLgaqg= — 10 pA 

Input High Voltage, ILgad= — 300 pA (max.) 
Input Low Voltage, It gaq= — 500 pA (max.) 
Hi-Z State Input Current (Vip =2.0 V to Vcc) 
Hi-Z State Input Current (Vin =0.4 V) 


Output Low Voltage, IL_oaq=3.2 mA OL as eae 
2 


= 
= 





< <= 
TN) 
oO 


= |x 





< 


<< <)< 
a o) 
ddaddda 
oO 


o 
— 


Output Low Voltage, I_Lgaq=10 mA (sink) 
Output High Voltage, ly gag = — 200 pA 








> 





Darlington Current Drive (Source), Vg=1.5 V 


x= 
ed 
omnis 


Input High Voltage 


< 
Q 
fo) 


Input Low Voltage 


< 
nN 
n 


Hi-Z State Input Current 


ITSI lebeae oe 
Port C and Port A with CMOS Drive Disabled 


Output Low Voltage, It gaq=1.6 mA 
Output High Voltage, ILoaq= — 100 pA OH 
H 


L 
Hi-Z State Input Current ITSI 


Input High Voltage 
Input Low Voltage 


ion) 


SIN LN 
wn |C]*> 
it 
<= 
OQ 
io) 


=) 








<|< 
jaa : 
ré 


SWITCHING CHARACTERISTICS 
(Vcc= +5.25 +0.5 Vde, Vgg =0 Vde, Ta =0° to 70°C,. unless. other noted) 









































Characteristic | Symbol | Min | typ | Max | Unit 
Oscillator Frequency MC6805P2 0.4 | 4.2 MHz 
MC68A05P2 0.4 6.0 
MC68B05P2 0.4 8.0 
| Cycle Time (fos | tye | 098 | — | 0 | ns | 
INT and TIMER Pulse Width (see Interrupt Section) tWL. tWH teyet20 | = — | — | ne- | 
[RESET ruse wiam mt [tetas | — | - | =| 
RESET Delay Time (External Capacitance = 1.0 pF) | te | — [. 1 | —. | ome | 
ae Zero Crossing Detection Input Frequency | tnt | 003 | — | tte 
| External Clock Input Duty Cycle (EXTAL) | — | a | 5s | o | % 
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“Dip” 
Vcc In Power 


RESET 
Pin 


Internal 
Reset 





Figure 14. Power and Reset Timing 


Vcc Vcc 


Port A CMOS 
Pullup Option 





Vcc o 





Port Data 






Port DDR 
Port Data 





IP = input Protection 


IP = Input Protection 


Figure 16. Port B Logic Diagram 
Figure 15. Ports A and C Logic Diagram 


. , 
To 1/0 Logic Test Point <—— 


4 Vary V, - 
Measure | 
(+)v 


— 





Figure 17. Typical Input Protection Figure 18. I/O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) 2516, 2716, or 68705P3 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. - 


NOTE 
The low cost resistor oscillator option is not avail- 
able on B54F mask. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer’s pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer’s name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a‘single-sided, single density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. It is necessary to include the entire 
memory image of both data and program space. All un- 
used bytes, including those in the user space, must be 
set to zero.. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


EPROMs 


A 2516, 2716, or 68705P3 type EPROM, programmed 
with the. customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one of these EPROM devices, the EPROM must be 
programmed as described in the following paragraphs. 

The program space ROM must start at EPROM address 
$080. If the customer program starts at any other address, 
the EPROM must be marked accordingly. All unused bytes, 
including the user’s space, must be set at zero. For ship- 
ment to Motorola, EPROMs should be placed in a con- 
ductive IC carrier and packed securely. Styrofoam is not 
acceptable for shipment. 


EPROM MARKING 


XXX = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 


The signed verification form constitutes the contractual 


agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
with five volts at room temperature. These RVUs are free 
with a minimum order quantity but are not production 
parts. These RVUs are not guaranteed by Motorola Qual- 
ity Assurance. 


IBM is a registered trademark of International Business Machines Corporation. 
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The following table provides generic information pertaining to the package type, temperature, and MC order numbers 


for the MC6805P2. _ 


Cerdip (S Suffix) 


PLCC (FN Suffix) 


PIN ASSIGNMENTS 


28-PIN DUAL-IN-LINE PACKAGE 


Vss) 1 @ 
iNT 
Vec 3 
EXTAL ] 4 
~ xTacD 
NUM[] 6 - 
TIMER [] 7 
pcot] s 
pci {} 9 
Pc2 Qj 10 
pe3 11 
ppo (] 12 
pBif] 13 
pB2 [} 14 





MC6805P2 


Table 4. Genarle Information 


Internal Clock 
_ Package Type rreswenet (MHz) Temperature Order Number 


Plastic (P Suffix) 


0° to 70°C 

0° to 70°C 

0° to 70°C 
—40° to +85°C 

0° to 70°C 

0° to 70°C 

0° to 70°C 

0° to 70°C 
—40° to +85°C 


MECHANICAL DATA 


24 [J PAd : , a 
23flpas agi 
22 [J PA2 TIMER 
21 f1PA1 ae 
20 [PAO 5) 
19 []PB7 ae 
18 {]PB6 | PC3 
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MC6805P2P 
MC68A05P2P 
MC68B05P2P 


~MC6805P2CP 


MC6805P2S 
MC68A05P2S 
MC68B05P2S 
MC6805P2FN 

MC6805P2CFN 





28-LEAD PLCC PACKAGE 





PAS 
PA4 
PA3 
PA2 


] PAI 


PAO 
PB] 
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Technical Summary | 
8-Bit Microcontroller Unit 


The MC6805P6 (HMOS) Microcontroller Unit (MCU). is a member of the MC6805 Family of 
microcontrollers. This low cost and high-speed MCU has parallel {/O capability with. pins 
programmable as input or output. This publication contains condensed information on the MCU; 
for detailed information, refer to M6805 HMOS, M146805. CMOS Family User's Manual 
(M6805UM(AD2)) or contact your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. | 


























e@ Internal 8-Bit Timer with 7-Bit ~ -@ Low Voltage Inhibit Option 
Programmable Prescaler @ Self-Check Mode 
@ On-chip Oscillator _@ Master Reset 
@ Memory Mapped I/O @ 1804 Bytes ROM 
@ Versatile Interrupt Handling @ 64 Bytes RAM 
@ True Bit Manipulation e 20/0 Ports 
@ Bit Test and Branch Instruction 
e Vectored Interrupts 
BLOCK DIAGRAM 
XTAL EXTAL RESET NUM INT 
TIMER Prescaler 
7 g Counter 
PBO 
Accumulator PB1 
8 A CPU Port PB2 Port 
: Index Control B As he 
i Reg. 
a g Register eg PBS Lines 
PAI Condition PB6 
Port PA2 Beall ace Code ee 
i ay A Dir. 5 Register CC 
Lines PAS Reg.) <Bea. Stack 
PA6 Pointer 
5 SP 
PCO Port 
PA7 Program Data Port PC1 C 
Counter Dir. Cc PC2 1/0 
3. High PCH Reg. | Reg. PC3 Lines 
1804 X 8 Program 
EPROM Counter 






Low PCL 






116 X 8 Self- 
Check ROM RAM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is 5.25 volts (+0.5A) power, and Vsg is 
ground. 


NUM (Non-User Mode) 


This pin is not for user applications and must be con- 
nected to Vss. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 





Crystal 


Approximately 25% to 50% Accuracy 


upon selected manufacturing mask options) can be con- 
nected to these pins to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R | 
and fosc is shown in Figure 2. 


Crystal 


’ The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. 





External = 
Clock 
Input 


External Clock 


Typical teye = 1.25 ws 
External Jumper 


Crystal Parameters 


Cc 


EXTAL Rs XTAL 





AT — Cut Parallel Resonance Crystal 
Co=7 pF Max. 

Freq=4.0 MHz2@C| = 24 pF 

Rg =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Cg, C1, and Rg values. 


VCC 






Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal 
used. 


Figure 1. Oscillator Connections 
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TIMER 


This pin can be used as an external input to control the 
internal timer/counter circuitry or for gating 62 input to 
timer, depending on mask option. 


RESET 


This pin has a Schmitt trigger input and. an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). Ports A, B, and C are programm- 
able as either inputs or outputs under software control 
of the data direction registers. Refer to PROGRAMMING 
for additional information. 


Oscillator Frequency (MHz) 


Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 
PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 
Any port pin is programmable as either input or output 


under software control of the corresponding write-only 


data direction register (DDR). The port !/O programming 
is accomplished by writing the corresponding bit in the 
port DDR to a logic 1 for output and a logic 0 for input. 
On reset, all the DDRs are initialized to a logic O'state to 
put the ports in the input mode. The port output registers 
are not initialized on reset, and should be written. to be- 
fore setting the DDR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output.pin due.to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be uséd to initialize 
the data registers and avoid undefined outputs.,Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (0) and also to the latched output when 
the DDR is an output (1). Refer to Table 1 for I/O functions 
and to Figure 3 for typical port circuitry. 





0 10 20 30 40 50 60 70 80 


Table 1. I/O Pin Functions 


Data 
Direction 
Register 

Bit 





MEMORY 


The MCU is capable of addressing 2048 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of 1668 bytes of user ROM, user 
self-check ROM, user RAM, a timer control register, and 
V/O. The user interrupt vectors are located from $7F8 to 
$7FF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 


o 


: 


INDEX REGISTER (X) 


‘The index’ register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 


2 


: 


PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 


10 8 7 . 0 
PCH PCL 
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Data 
Direction Register 
Bit* 


n. 
io 5 Latched 
£6 Output 
2¢ Data 
~ oO Bit 
oO 
*DDR is a write-only register and reads as all "1s". 
? ’ PORT DATA REGISTER 0 





Port A Addr= $000 
Port B Addr= $001 ; 
Port C Addr = $002 (Bits O—>3) 







PORT DATA DIRECTION REGISTER (ODR) 





(1) Write Only; reads as all ‘1s’ 
(2) 1= Output; 0= Input. Cleared to 0 by reset. 
(3) Port A Addr= $004 

Port B Addr= $005 

Port C Addr= $006 (Bits 0—>3) 


Figure 3. Typical Port /O Circuitry and 
Register Configuration 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the: 


address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to. 15 
levels of subroutine calls (less if interrupts are allowed). 


10. 5. 4 0 
fofofofofifi] sr | 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 


just executed. These bits can be individually tested by a 


program, and specifications can be taken as a result of 
their state..Each bit is explained in the following para- 


graphs. 
4 0 
el Tele Te | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) bak 

When this bit is set, the timer. and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) poe oo 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1). 


Zero (Z) Ha 
When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. , ae 
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7 ie] 
000 1/0 Ports 
Timer 
Page Zero ‘ RAM 
Access with } 197 (128 Bytes) 


Short 128 
Instructions Page Zero 
User ROM 

(128 Bytes) 

255 


256 


(1668 Bytes) 
1923 
ee Self Check 
ROM 
2039 (116 Bytes) 
Zou |_ Timer Interrupt 
interrupt Bots External Interrupt 
Vectors ) 2044 
2045 
2046 | 
2047 






Port 8 DDR $005 * 

Port C DDR| $006* 
Not Used $007 
Timer Data Reg $008 


Timer Control Reg | $009 
SOOA 


oO @wMaNnN ODO DO fF W ND 


= 


Not Used 


(54 Bytes) $03F 


$040 


RE 


RAM 
(64 Bytes) 


Stack 
(31 Bytes 
Maximum) 


$07F 


*Caution: Data direction registers (DDRs) are write-only, set to $FF. 


Figure 4. Memory Map 


SELF CHECK 


The self check is initiated by:connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following tests are executed automatically: 

(/O — functionally exercise I/O ports 

RAM — walking bit test 

ROM — exclusive OR with ODD ’'1s” parity result 

TIMER — functionally exercise timer 

Interrupts — functionally exercise external and timer 

interrupts 

Table 2 shows the status of the LEDs as a result of a 
failure. Port C is tested only once (just after reset). If port 
C fails, no lights will appear. 


Table 2. Self-Check Error Patterns 





PC 


Function 


0 
fa > eee al Interrupt Failure 
Bad Port A or Port B 


1 
= 
’ All 4. LEDs Flasing 


Bad RAM 


Bad RAM 


Good Device 





RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, jow-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 











POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go High. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET. INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 





LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
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ae Pin 1 


*This connection depends on the clock oscillator user selectable mask option. 
Use crystal if crystal option is selected. 


Figure 5. Self-Check Connections 


certain level (V_yj). The only requirement being that Vcc 
must remain at or below the V_y| threshold for one teyc 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
teyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (Vi yp), at 
which time a normal power-on reset occurs. 


1.0 uF 










Part of © 
MC68705P3 
MCU 


Figure 6. Power-up RESET Delay Circuit 


INTERRUPTS 


The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SW)). 

Interrupts cause the.processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked, 
(I bit clear) proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
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765 4 3 2-1 0 Pull timer interrupt status bit is cleared before unmasking the 
Condition interrupt, then the interrupt is not latched. 

=e Code Register | +! If both an external interrupt and a timer interrupt are 

pending at the end of an instruction execution, the ex- 

ne mre ternal interrupt is serviced first. The SWI is executed the 

same as any other instruction regardless of the setting 

n-2 n+3 of the | bit. Refer to Figure 8 for the reset and interrupt 


instruction processing sequence. 






TIMER INTERRUPT 
n+5 If the timer mask bit (TCR6) is cleared, then each time 


the timer decrements to zero (transitions from $01 to $00) 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
Figure 7. Interrupt Stacking Order condition code register (CCR) is also cleared. When the 






Push 
*For subroutine calls, only PCH and PCL are stacked. 






11 Bit (in CC) 
O7F-=SP 
0--DDORs 

CLR INT Logic 
FF-Timer 

7F —Prescaler 
7F-—-TCR 







Request 
Latch 











ie 





Put 7FE on 
Address Bus 


Load PC From: 
SWI: 7FC/7FD 





INT: 7FA/7FB 
TIMER: 7F8/7F9 









Fetch 
Instruction 







Is Fetched 
Instruction 
an SWI? 







RESET } 
Pin= Low a 
RESET 
Pin = High 


PC=PC+1 


Load PC 
from 


7FE/7FF 


Execute All 
Instruction 
Cycles 





Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine; is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. Clearing the | bit 
enables the external interrupt. The MC6805P6 only re- 
quires negative edge-sensitive trigger interrupts. The fol- 


lowing paragraphs describe two typical external interrupt. 


circuits. 


Zero-Crossing 

Asinusoidal input signal (fjpy7q7 maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power contro! devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt 

With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw i, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The timer source is made during manufacturing as 
a mask option. The 8-bit counter may be loaded under 


(a) Zero-Crossing Interrupt 


ac 


Input (Current 
(fINT Max.) Limiting) 
Rs1 Ma 
ac Inputs — 
10 Vac p-p 








program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) is set. Refer to Figure 
10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MCU responds to this in- 
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER- 
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec- 
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options available. A prescaler mask option 
is also available that can provide up to a maximum of 
128 counts to the clock input. 


‘NOTE 


If @2 is used, Timer input should. be tied to Vcc. If 
low, it will gate 2 off. 


TIMER CONTROL REGISTER (TCR) $009 


This 8-bit register controls'the timer interrupt request 
and inhibit signals. All bits are read/write except bit 3. 


pete TT 


RESET: 
0 1 U U U U U U 


(b) Digital-Signal interrupt 


' Vcc 





TTL 
Level 
Digital 
Input 


Figure 9. Typical Interrupt Circuits 
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2 
(Internal) 






Manufacturing 
Mask ; 
Options . Write 


Prescaler 
21 22 23 24 25 26 27 









8 Bit Counter 
Timer Data Register (TDR) 







Timer 
-4-—~ Interrupt Timer 
! Request Interrupt 
}  (TIR) «Mask (TIM). 
1 Not Used 





Timer Control Register (TCR) 


Read | Write Read 


; : Internal Data Bus 


Figure 10. Timer Block Diagram 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one. 
1=Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt. 
1=Interrupt inhibited 
0=Interrupt enabled 
Bits 5throughO 
Not used 


‘ INSTRUCTION SET 


The MCU has a set of 59 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Load A from Memory . 
Load X from Memory . 













Store X in Memory 
Add Memory to A 


[Mnemonic 
| ADD | 


Add Memory and Carry to A 

Subtract Memory 

Subtract Memory from A with Borrow 
AND Memory to A 

OR Memory with A 

Exclusive OR Memory withA ._. 


Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 
Bit Test Memory with A (Logical Compare) 


Jump Unconditional 





Jump to Subroutine 


[Mnemonic | 
cor | 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. : i. , 


| Mnemonic 
-|BRSET n (n=0...7) | 
_|[ BseTn in=0...7) | 
| 


Branch if Bit n is Set 


Branch if Bit n is Clear 


Set Bit n 


Clear Bit n 
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READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


Increment 
Decrement 
Clear 


‘Moemoni 
[ron | 
TST 




















Test for Negative or Zero 





BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tionis met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
Jowing list for branch instructions. 


BRA 


(Branch if Higher or Same) (BHS) 


Branch if Carty Set BCS 















Branch if Not Equal : 
Branch if Half Carry Set BHCS. - 


Branch if Plus 
[Branch ifMinus | 
| BIH 

| BSR 









Branch if interrupt Line is Low , 
Branch if Interrupt Line is High , ; 
Branch to Subroutine 





(Branch if Lower) (BLO) |. 
Branch if Half Carry Clear | Buce | 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 





Function Mnemonic 


Return from Subroutine 





Return from Interrupt 


Reset Stack Pointer 





No-Operation 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES. 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also. included. Two byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched.or stored. woe 


IMMEDIATE 


In the immediate addressing mode, the operand is con- | 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). : 


DIRECT - 


In the direct addressing mode, the effective address of 
the argument is contained’ in a single byte following the 
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Table 3. Opcode Map 








Bit Manip lation 


Read-Modify-Write 


Control 





Branch | 
R 








1X4 1X INH 
6. 7 8 


0110 1000 





























= 








4 
BEQ 








BRSETA 


2) 








BRCLRS 





4 REL. 
BHCC 

4 6 
BiCS 








BRSETS 


900 
3 
00 
A 
fog fe BRCLRS, ” BCLAS 
BRSETS BSET6 
7 4 
| io |e BRCLAG BCLAG 
ma BRSET7. " eSeT? 
wi i 
BRCLAT, | BCLRZ BIH 




















Abbreviations for Address Modes 
INH Inherent 

IMM Immediate 

DIR Direct 


EXT Extended 

REL Relative 

BSC Bit Set/Clear 

BTB Bit Test and Branch 

Ix Indexed (No Offset) 

1x14 Indexed, 1 Byte (8-Bit) Offset 
IX2 Indexed, 2 Byte (16-Bit) Offset 


# of Cycles 
Mnemonic 








c 
EXT 
° 6 
CPX CPX 
3 Ext | 3 IX 


3 EXT 1 3 IX 
5 


BIT BIT 





lite 
B< 








Go00 


1 ix VW4t 


Opcode in Hexadecimai 


Opcode in Binary 


Address Mode 


9dS0899IN 
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opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


in the extended addressing made: the fete address 
of the argument is contained in the two bytes following 


the opcode byte. Instructions with extended addressing" 
mode are capable of referencing arguments anywhere i in 


memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 

. instructions. In relative addressing, the contents of the 8- 

bit signed byte (the offset) following the opcode is added 

to the PC if, and only if, the branch conditions are true. 

Otherwise, control proceeds to the next instruction. The 

span of relative addressing is from —126 to +129 from 
the opcode address. — 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
‘RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BiT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 


the opcode. This addressing mode can be used in a man- 


’ ner similar to indexed, 8-bit offset except that this 3-byte 


instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR © 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 


_ opcode specifies the direct addressing of the byte to which 


the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single:2- -byte instruc- 
tion. 


CAUTION 


The ice scadin’ DDRs for ports, A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used to set 
or clear a DDR bit (all ““unaffected’’ bits would be 
set). It is recommended that all DDR bits in a port 
be written ual a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from — 125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


_ INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator. as well as the control instruction with no 
other arguments are included in this mode: These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 
Rating 


Supply Voltage 


Input Voltages 
Except Timer in Self-Check Mode 
Self-Check Mode (TIMER Pin 
Only) 
















These devices contain circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, normal 
precautions should be taken to avoid appli- 
cation of any voltage higher than the maxi- 
mum rated voltages to this high-impedance 
circuit. For proper operation, Vin and Vout 
should be constrained to the range Vsg < 


—0.3 to +7.0 


-0.3 to +7.0 
—0.3 to +15.0 


| Symbo! | 















Operating Temperature Range TA Mic tot (Vin and Vout) < Vcc. Reliability of operation 
to 70 d if di EXTAL 
40 to +85* is enhanced if unused inputs except 


are tied to an appropriate logic voltage level 
(e.g., either Vss or Vcc). 


Tstg —55 to +150 


TJ 
150 
175 
THERMAL CHARACTERISTICS _ 
Characteristic Symbol Value Unit 
Thermal Resistance °C/W 
Cerdip 
Plastic 


POWER CONSIDERATIONS 


Storage Temperature Range 


Junction Temperature 
Plastic 
Cerdip 














*Available at additional! cost 

















bees 





The average chip-junction temperature, Ty, in °C can For most applications Pjq<PiyT and can be neglected. 


be obtained from: The following is an approximate relationship between 
Ty=Tat (Pp ya) (1) Pp and Ty (if Pio is neglected): 
where: , Pp =K+(Ty+273°C) , (2) 
Ta =Ambient Temperature, °C Solving equations (1) and (2) for K gives: 
ja = Package Thermal Resistance, K=Pp *(Tat+273°C) + Oya * PH? (3) 
Junction-to-Ambient, °C/W . where K is a constant pertaining to the particular part. K ° 
Pp ==Pintt+Pyo can be determined from equation (3) by measuring Pp 
Pint =!ccxVec, Watts - Chip Internal Power (at equilibrium) for a known Ta. Using this value of K, 
PiiqQ = Power Dissipation on Input and Output the values of Pp and Ty can be obtained by solving equa- 
Pins - User Determined tions (1) and (2) iteratively for any value of Ty. 
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ELECTRICAL CHARACTERISTICS 
(Vcc= +5.25 +5 Vde, Vgg=0 Vdc, Ta =0°C, unless otherwise noted): 


Characteristic 


Input High Voltage 
RESET (4.75 <V cc =< 5.75) 
— . (Vee < 4.75) 
int (4.75 < Vcc = 5.75) 
(Vcc < 4.75) 
All Other 


Input High Voltage Timer 
Timer Mode 
Self-Check Mode 








Input Low Voltage 










































































INT 
All Other 
RESET Hysteresis Voltage 
“Out of Reset’’ VIRES + 2.1 
“Into Reset” VIRES — 0.8 _ . 
INT Zero Crossing Input Voltage, Through a Capacitor VINT 4.0 Vac p-p 
Internal Power Dissipation - No Port Loading Vcc =5.75 V, PINT _ 400 690 mW 
Ta=0°C 
Input Capacitance Cin pF 
XTAL 25 — 
All Other — 10 _ 
Low Voltage Recover VLVR _ _ 4.75 
Low Voltage Inhibit 0°C to 70°C VLvI 2.75 3.5 _ V 
-40°C to + 85°C 3.1 3.5 _ 
Input Current (External Capacitor coe Current) lin. A 
TIMER (Vin =0.4 V) _— _ 20 
INT (Vin =2.4 V to Voc —_ 20 50 
EXTAL (Vin =2.4 V to Vcc, Crystal Option) — _ 10 
(Vin=0.4 V, Crystal Option) — — — 1600 
RESET (Vin =0.8 V) -4.0 = ~40 
*Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc. 
Vec=5.75V Vcc =5.75V 
Test MMD6150 Test MMD6150 
Point or Equiv Point or Equiv. 
oIn 1.5kQ Test Point 2.97 kQ 
40 pF 1.25 kQ9 MMD7000 30 pF (Total) 30 pF MMD7000 
(Total) t ot Equiv. ‘i (Total) or Equiv. 


Figure 11. TTL Equivalent Test Load: Figure 12. CMOS Equivalent Test Load 
(Port B) (Port A) 


Figure 13. TTL Equivalent Test Load 
(Ports A and C) 





MOTOROLA MICROPROCESSOR DATA 
3-428 


MC6805P6 


PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


Characteristic [symbol | min | tye | Max 


Port A with CMOS Drive Enabled 2 


Output Low Voltage, lLoad=1.6 mA = — 0.4 


Output High Voltage, toag=—100 pA 2.4 — — 


























FEE 




















Output High Voltage, ILoad= — 10 pA VOH Vcec- oo = — 

Input High Voltage, ILoad = — 300 pA (max.) VIH 2.0 — Vcc 

Input Low Voltage, ILoaq = —500 pA (max.) VIL Vss 0.8 

Hi-Z State Input Current (Vjn =2.0 V to Vcc) | a = = ~300 pA 

Hi-Z State Input Current (Vj, =0.4 V) lie — _ — 500 pA 
Port B 
















Output Low Voltage, ILgaq=3.2 mA 














Output Low Voltage, ILgaq= 10 mA (sink) 








| || 
= |S 
o|f® 
Hi 


Output High Voltage, IL gad= — 200 pA 














I | 
i 
S 
3 
> 


Darlington Current Drive (Source), Vo=1.5 V 











Input High Voltage 











Input Low Voltage © 


Hi-Z State Input Current ; ITSI 2 10 
Port C and Port A with CMOS Drive Disabled ; 

Output Low Voltage ILgad=1.6 mA [| vo | - [| — [| o | 
| Output High Voltage, Load=-100HA | Von | 2 | | 
[InputHigh Voltage | S| | Te 
input Low Voltage ae ae ee a 
[Hiz State Inputcurent =| st S| Tt 





























= = 
EEE Fr 


SWITCHING CHARACTERISTICS 
(Vcc= +5.25 +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless other noted) 
















Characteristic 


Oscillator Frequency MC6805P6 
MC68A05P6 
MC68B05P6 














Cycle Time (4/fgge) 
INT and TIMER Pulse Width (See INTERRUPTS) 
RESET Pulse Width 


























RESET Delay Time (External Capacitance = 1.0 «LF) 





INT Zero Crossing Detection Input Frequency 


External Clock Input Duty Cycle (EXTAL) _ 
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Vcc Dip 
: In Power 


RESET 
Pin 





Internal 
Reset © 





Figure 14. Power and Reset Timing 


Vcc - ‘Vee 


1— 10k Typ. 










Port A CMOS 
Pullup Option 









Port DDR 
Port Data 





Port DDR 
Port Data 





IP = Input Pratection 


IP = Input Protection 


Figure 16. Port B Logic Diagram 
Figure 15. Ports A and C Logic Diagram 





To I/O Logic Test Point <————— 
Vary V, 
Measure | 
Figure 17. Typical Input Protection ; Figure 18. /O Characteristic 


Measurement Circuit 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) 2516, 2716, or 68705P3 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customers name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


EPROMs 


A 2516, 2716, or 68705P3 type EPROM, programmed 
with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. The EPROM must be clearly marked to indicated 
which EPROM corresponds to which address space. 

All unused bytes, including the user's space, must be 
set to zero. For shipment to Motorola, EPROMs should 
be placed in a conductive IC carrier and packed securely. 
Styrofoam is not acceptable for shipment. 


EPROM MARKING 


XXX 


XXX = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filled for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity but are not. production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


IBM is a registered trademark of International Business Machines Corporation. 
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The following table provides generic information pertaining to the package type, temperature, and MC order numbers 


for the MC6805P6. 


Package Type 


MC6805P6 


Table 4. Generic Information 





Internal Clock 





PIN ASSIGNMENTS 


Plastic (P Suffix) 


Cerdip (S Suffix) 


PLCC (FN Suffix) 


Frequency (MHz) 


1.0 
1.0 
1.5 
2.0 
1.0 
1.5 
2.0 
1.0 
1.0 


0° to 70°C MC6805P6P 
— 40° to + 85°C MC6805P6CP 
0° to 70°C © MC68A05P6P 
0° to 70°C MC68BO05P6P 
0° to 70°C MC6805P6S 
0° to 70°C MC68A05P6S 
0° to 70°C MC68B05P6S 
0° to 70°C MC6805P6FN 
-40° to + 85°C MC6805P6CFN 








MECHANICAL DATA 


28-PIN DUAL-IN-LINE PACKAGE | 





ono sn DOD OH FS WW NF 


~ 


28 [] RESET 
27 [)PA7 . 
26 [] PAG 
_ 25 [PAS 
1 PA4 
[PAS 
1 PA2 
PAI 
PAO 
1} PB7 
1] PBG 
1 PBS 
1] PB4 
1 PB3 


XTAL 
NUM 
TIMER 

PCO 
PC1 
PC2 
PC3 


28-LEAD PLCC PACKAGE 
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TECHNICAL DATA MC6805R2 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805R2 (HMOS) Microcontroller Unit (MCU) is'a member of the MC6805 Family of micro- 
controllers. This low cost and high-speed MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 























e@ Internal 8-Bit Timer with 7-Bit Prescaler @ Vectored Interrupts 
@ On-chip Oscillator e@ Self-Check Mode 
@ Memory Mapped I/O e 2048 Bytes of ROM 
@ Versatile Interrupt Handling @ 64 Bytes of RAM 
@ True Bit Manipulation @ 24 Bidirectional I/O Ports 
@ Bit Test and Branch Instruction @ A/D Converter 
BLOCK DIAGRAM 
XTAL EXTAL RESET NUM iNT 
TIMER Prescaler ads 
j g Counter 
PAO A/D 
PAI Accumulator re oe 
oe PA2 Port | Data 8 : CPU S$ 
0 PA3 A Dir Index Control 
PA4 Reg Reg Regi PDO/ANO 
Lines pags egister 
PAG . us PT PDVANT 
me ort 
PA? ae 14 SDa/ANS D 
R e 9 aun PD4/VR Input 
5 egister CC age PDS/V 7 Lines 
Stack emnan poe/INT2 
Pointer GraalEe PD? 
is ss PY WY 
Port be Program 
B baa Port Data Counter ; - Port O 
VO ppg a as 4 High PCH input 
Lines pps 9 “9 Program ; 
PB6 Counter 
PB? 8 Low PCL PCO 
PC1 
Data Port oe os 
2048 x 8 64x8 be ac Pca 1/0 
User ROM RAM PC5 Lines 
192 x 8 PC6 
Self-Check ROM PC7 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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| SIGNAL DESCRIPTION 
Vcc AND Vss 


' Power is supplied to the microcomputer using these 
two pins. Vcc is + 5.25 volts (+0. 5A) power, and Vssg is 
ground. 


NUM 


This pin is not for user applications and must be con- 
nected to Vss. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock. © 
oscillator circuit. A crystal, a resistor/capacitor combi-. 


nation, or an external signal (depending upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. : 


Cy 


EXTAL Rs XTAL 


AT — Cut Parallel ‘Resonance Crystal 
Co=7 pF Max 

Freq.=4.0 MHz @ C, = 24 pF 
Rs = 50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic: resonator manufacturer's sug- 
gestions for Co, C1, and Rg values. 


External 
Clock 
Input 





External Clock 





Approximately 25%. to 50% Accuracy 
Typical toye= 1.25 us 
> External Jumper 


2 + @ 
oOo Oo 8 


a 
Oo 


Ww 
Oo 


N 
lon 


OSCILLATOR FREQUENCY (MHz) 


‘Oo 





0 10 20 30 40 50 60 70 | «80 
: Resistance (kf) : 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


ad 

(See Note) C2 
CL 
=m 





Crystal 






R 
(See Figure 7-5) 5] ex tay. Mey 


* Connection | 
Approximately 10% to 25% Accuracy 


(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an. 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal 


used. 


Figure 1. Oscillator Connections 
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External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
toxoVv OF tILCH specifications do not apply when using 
an external clock input. PS er dls 


TIMER 


This pin is used as an external input to control the 
internal. timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test program. 


RESET a 
This pin has a Schmitt trigger input and.an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7,PDO0- 
PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port and not 
controlled by any data direction register. Port D has up 
to four analog inputs, plus two voltage reference inputs 
when the A/D converter is used (PD5/VRy, PD4/VRL) and 
an INT2 input. All Port D lines can be read directly and 
used as binary inputs. If any analog input is used, then 
PD5/VRH and PD4/VR; must be used in the analog mode. 
Refer to PROGRAMMING and ANALOG-TO-DIGITAL 
CONVERTER for additional information. - 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Port A, B, and C pins are programmable as either input 
or output under software control of the corresponding 
data direction register (DDR). Port D lines are input only. 
The port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one-for output 


i ‘Data Direction 
Register* Bit 








; : : Latched 

oe ' 0 t 
internal pia ok 
Connections 


| * Direction 


and _a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. a 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the-data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for I/O func- 
tions and to Figure 3 for typical port circuitry. 

“Port D provides reference voltage (INT2) and multi- 
plexed analog inputs. Port D can always be used as digital 
input and may be used for analog if VRH and VR_ are 
connected to the appropriate reference voltage. The Vay 
(PD5) and Vp), (PD4) are internally connected to the A/D 
resistor. 


Table 1. I/O Pin Functions 


Data Latched 
Output 


Register Data 
- Bit 





**Ports B and C are three-state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, A/D registers, a miscellaneous control register, 








- Figure 3. Typical Port /O Circuitry and — 
Register Configuration 
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~ 000 
1/0 Ports .. 
: ; ‘ Timer 
Page Zero RAM 
Access with 127 | {128 Bytes) 
Short 128 : 
Instructions Page Zero 
‘ User-ROM 
‘ ‘ (128 Bytes) 
255 
256 
: Not Used 
(1728 Bytes) 
1983 
1984 
Main User 
ROM 
(1912 Bytes) 
- 3895 
3896 ; 
; Self Check 
ROM 
(192 Bytes) 
4087 
4088 : 
4089 Timer Interrupt 
4090 
- Interrupt 4091 
_ Vectors 9 4092 
4093 
4094 





765 43 2 10 


Port A Data Register $000 
Port B Data Register $001 
Port C Data Register $002 


Port D Data Register. $003 


‘Port A DDR* 


sos" 
sos" 
s07 
|[Tinerbow Rear] soe 
08 


ONO MB WN IU OO 


26 6 


Miscellaneous Register | $00A 
$00B 
Not Used 
(3 Bytes) 
$00D 
. A/D Control Register $O0E 
+ ° A/D Result Register. -|- $OOF 
Not Used $010 
. (48 Bytes) $03F 
RAM $040 
(64 Bytes) 
Stack : 


(31 Bytes 
Maximum) 


$07F 


Caution: Data direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


and I/O. The interrupt and reset vectors are located from 
$FF8 to SFFF. : 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may. be added to an 8- or 16-bit immediate value to create 


an effective address. The index register may also be used 
as a temporary storage area. . 
7 0 


PROGRAM COUNTER (PC) 


The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 


"1 tes ey ba 0 
PCH PCL 


STACK POINTER (SP) 


The stack pointer is an 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer.is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is. pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set-at 0000011. Subroutines and interrupts 
may: be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

4 0 


" 5 
fofofofofo}ifi] se | 


CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
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program, and specific actions can be taken as a result of 
their state. Each bit is explained in. the following para- 


graphs. 
4 0 
eh intate : 
Half Carry {H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (1) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data ‘manipulation was: negative 
(bit 7 in’ the result is’ a logic one): 


Zero (z) 
When set, this bit indicates that the +éeult of the’ last 
arithmetic, logical, or data’ manipulation was zero. 


Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and -branch instructions, and during shifts and 
rotates. 





SELF-CHECK 


The self-check is initiated by connecting the MCU: as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) .for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

/O — Functionally exercise I/O ports. 

RAM — Walking bit test. 

ROM — Exclusive OR with ODD “Ist” parity result. 

Timer — functionally exercise timer.. 

Interrupts — Functionally exercise external and timer. 

interrupts. _ 

A/D Converter — Functionally test the Analog-to-Digita! 

Converter. 
The RAM, ROM, and the A/D test can be called by a user 
program, The timer test may. be called if the timer input 
is the internal clock. Table 2 shows the status. of the LEDs 
as a result of a failure. Port C is tested only once (just 
after reset). If port C fails, no lights will appear. 


Table:2. Self-Check Error Patterns — 


ox [re [re [rs [Romar 2D On 0: 1D OF | 


Bad I/O 
Bad Timer 
Bad RAM 


1 

1 ; Bad ROM 

0 . | Bad A/D 

0 Bad Interrupts or Request ce 


All. Flashing Good Device 


Anything else Bad Part, Bad Port C, etc. 





INTO) 


*This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 
**Pin 7 is not for user application and must be connected to Vss. 


Figure 5. Self-Check.Connections 
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RESETS . 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a- Schmitt trigger that senses the 
RESET line logic level. 





POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 


voltage. A delay of try, milliseconds is required before 





allowing the RESET input to go high. Connecting a ca- 





pacitor ‘to the RESET input (Figure 6) typically provides 


sumicient delay. 


EXTERNAL RESET INPUT 
The MCU is reset.when a logic zero is applied to the 





RESET input for a period longer than one machine cycle. 


(tcyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


LOW-VOLTAGE INHIBIT (LV!) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falis below a 
certain level (VLy}). The only requirement is that the Vcc 
must remain at or below the Vy threshold for one teye 
minimum. 







1.0 pF 
Typical 


ae 
POR 
Delay 


Capacitor 


* Disable LVI’ 







Current 
Limiting 


Charging 
Current 
Source 







In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level. (VLVR) at 
which time a normal Power- an reset occurs. , 





INTERRUPTS 


The MCU.can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI) or (4) the external port D bit 6 
(INT2) input pin. 

Interrupts cause the processor registers to be Saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes. the reg- 
ister contents to be recovered from the stack, and then 
normal processing resumes. The stacking order is shown’. 
in Figure 7. 

Unlike. RESET, narcware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete: 





NOTE 


The current instruction is.considered to be the one. . 
already fetched and being operated on. 





Strong 
Discharge 
Device 


© Vcc 


Low Voitage (Optional) 
Detector 








O—1—LVI 
1—-O0-—-LVR 


Internal... 


Ss =. 





Schmitt 
Trigger 


Figure 6. RESET Configuration 


7 6 5 4 2 Pull 
n+1 
Accumulator n+2 
index Beg: n+3 





ee ee ee ee 
Po eee 


Push 


PCL* n+5 


’ *For subroutine calls, only PCH and PCL are stacked. 


Figure 7: Interrupt Stacking Order 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds. with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 


interrupts are latched. for later interrupt service. If the. 
timer interrupt status bit is cleared before unmasking the | 


interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal.interrupt is serviced first. The SWI is executed the 
same as any other-instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer. mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of ‘the timer interrupt service routine, is 










Crm) 


1— 1 (in CC) 
O7F.—» SP 
O-* DDRs 

CLR INT Logic 
FF — Timer 

7F — Prescaler 

7F—-TCR 







then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INTand INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. ; 


Zero-Crossing Interrupt 


A sinusoidal! input signal (fj y7 maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative: transitions of 
the ac sinusoid). This type of circuit allows applications . 






Request 





7F—MR 


Put FFE on 
Address Bus 


RESET 
Pin= Low 














(TIMER INT) 
TCR7 + TCR6 
MR7 - MR6 
(INT2) 


Fetch 
Instruction 


{s Fetched 
Instruction 
on SWI? 


- Execute ~ 
Instruction 





















Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
Timer or 
INT2: FF8/FF9 





















nq _RESET 
Pin = High 


Load PC 
From 
FFE/FFF 






Figure 8. Reset and Interrupt Processing Flowchart 
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such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or.INT pin | 
logic is dependent on the parameter labeled tw, twuH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI. is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. - 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit prescaler. The timer source is 
made during manufacturing as a mask option. The 8-bit 
counter may be loaded under program control and is 
decremented toward zero. When the timer reaches zero, 
the timer interrupt request bit (bit 7) in the timer control 
register (TCR) is set. Refer to Figure 10 for timer block - 
diagram. 


(a) Zero-Crossing Interrupt 


ac 


fips (Current 
(finT Max.) Limiting) 3 im sacl 
Rs1 Ma 
ac Input 
=10 Vacp-p 









2 
(Internal) 
Prescaler 


Manufacturing 
Mask Options 
; Write 






21 22 23 24 25. 26 27 


Read 


The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is.cleared, the proces- 
sor receives the interrupt. The MCU responds to this. in- 
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. The TIMER and INT2 share the 
same interrupt vector, therefore the interrupt routine must 
check the request bits to determine the source of the 
interrupt. Refer to RESETS and INTERRUPTS for addi- 
tional information. - 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a. 
logic zero to ensure proper operation with read-modify- 
write instructions. aa 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- . 
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec- 
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options. A prescaler mask option is available 
to select a divide option of a power of two up to 128. 


(b) Digital-Signal Interrupt 


Vcc 






TTL 
Level 
Digital 
Input 









PSC (Prescaler Clear) 








Timer Timer 
Interrupt Interrupt 
Request Mask 












* Write only reads 
as zero. 


Write 
Internal Data Bus 


Figure 10: Timer Block Diagram 


Read 
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TIMER CONTROL REGISTER (TCR) ($009) 


This 8-bit register controls various functions such as 
write timer interrupt request, timer interrupt inhibit, and 
prescaler clear. Bit 3 is write only. 








7 6 5 4 3 2 ii 0 
‘TiR | TIM | 1 1 | psc |.-1 re es 

RESET: 
0 1 U U U U U U 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one. 
1=Set when the timer data register changes to all 
zeros. 
0=Cleared by external reset, power-on reset, or 
under program control. 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt. 
1 =Interrupt inhibited. 
0=Interrupt enabled. 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero. 
Bits 5, 4, 2, 1, 0 — Not Used. 


ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 11. Four external analog inputs can be connected 
to the A/D through a multiplexer via Port D. Four internal 
analog channels (VRH-VRL, VRH-VRL/2, VRH-VRL/4, and 
VRL) may be selected for calibration. The accuracy of 
these internal channels may not meet the accuracy spec- 
ifications of the external channels. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 


tiplexer selection. The ACR is shown in Figure 11. The 


VRH 
YRL 








converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed: in the A/D result 
register (ARR), the conversion flag set, selected input is 
sampled again, and a new conversion starts. When ACR7 
is cleared, the conversion in progress is aborted and the 
selected input is sampled for five machine cycles and 
held internally. 


Table 3. A/D input MUX Selection 




























A/D Control Register Input - A/D Output (Hex) 
ACR2 | ACR1 | Selected |. Mi 

0 0 - ANO 

0.3 1 AN1 

1 0 AN2 

1 1 AN3 

0 0 VRH* 

0 1 VeRL* 

1 0 VRH/4* 

1 1 VRH/2* 














*Internal (Calibration) Levels 


The converter uses VRH and Vp| as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VR_, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to Vp, for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) Vay should be equal to or less 
than Vpp, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH-VRL 
should be equal to or greater than 4 volts. 

The A/D has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing errorto + 1/2 LSB, rather 
than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VR_. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRu, ideally. 
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Figure 11. A/D Block Diagram 
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INSTRUCTION SET 


. The MCU has a set of 59:basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control..The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Load X from Memory D. 
Store A in Memory : STA 
Store X in Memory / STX 
Add Memory to A ADD 
Add Memory and Carry to:A ; ADC 
Subtract Memory ! SUB 


Load A from Memory 





Subtract Memory, from A with Borrow 
AND Memory to A : 
OR Memory with A 

Exclusive OR Memory with A 
Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 

Bit Test Memory with A (Logical Compare) 


Jump Unconditional - 





| cOR | 
Jump to Subroutine. - 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


lation instructions. 

BRSET n (n=0...7) 
BRCLR n(n=0...7) 
BSET n (n=0...7) 
BCLR n (n=0...7) 


Branch if Bit n is Set 
Branch if Bit n is Clear 
Set Bit n 





Clear Bit n 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or.a‘reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for- 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 









Increment 


Decrement 











Complement 





Negate (2's Complement) 
Rotate Left Thru Carry ; 
Logical Shift Left ; LSL 
Logical Shift Right . LSR 
Arithmetic Shift Right 































Test for Negative or Zero 


BRANCH INSTRUCTIONS | 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 














Function | Mnemonic 
Branch Always ; BRA 
BRN 
Branch if Higher — — BHI 
Branch if Lower or Same - BLS 
Branch if Carry Clear BCC 
(Branch if Higher or Same) (BHS) 
BCS 
(Branch if Lower) (BLO) 





Branch if Not Equal 





EF 
O|m 


Branch if Equal 





Branch if Half Carry Clear BHCC 
Branch if Half Carry Set BHCS 
Branch if Plus: BPL 


Branch if Minus : 


| 











Branch if Interrupt Mask Bit is Clear 
Branch if Interrupt Mask Bit is Set 


Branch if Interrupt Line is Low 


Oo \|a 
NiO 


iss] 
x= 


Branch if Interrupt Line is High 


Q 
- 


jue) 
n 
a 


Branch to Subroutine 


MOTOROLA MICROPROCESSOR DATA 
3-442 





MC6805R2 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


| Function | Mnemonic | 
TAX 
Transfer X to A ‘ 


| Set Interrupt Mask Bit | SEL 
|_Nor_| 













OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 





ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single-byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two-byte direct-ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc 
tions to reach all memory. : 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 
In the immediate addressing made, the operand is con- 


tained in the byte immediately following the opcode. The - . . 


immediate addressing mode is used to access constants 


that do not change during program execution (e.g.; a 


constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 


’ the opcode byte. Instructions with extended addressing 


mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move.a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
oocode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET — 


In the indexed, 16-bit offset addressing mode, the ef- 
fective addressis the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 


“ner similar to indexed, 8-bit offset except that this three- 


byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be.set or cleared. Thus, any read/ 


.. write bit in the first 256 locations of memory, including 


\/O, can be selectively set or cleared with a single two- 
byte instruction. 


| CAUTION | 
The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
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Table 4. Opcode Map 
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Abbreviations for Address Modes aa LEGEND 

INH Inherent Opcode in Hexadecimal 
IMM immediate 

OIR Direct _ ae : 

EXT Extended : 2 Cyees Opcode in Binary 

REL Relative © - - : Mnemonic 

BSC Bit Set/ Clear . ; i Bytes . 

BTB Bit Test and Branch 2 

IX Indexed (No Offset) Address Mode 

X41 indexed, 1 Byte (8-Bit) Offset 


1X2 Indexed, 2 Byte (16-Bit) Offset 
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functions, these instructions cannot be used to set 

or clear a DDR bit (all “unaffected” bits would be 

set). It is recommended that all DDR bits in a port 
_ be written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 


instruction allows the program to branch based on the 


’ condition of any readable bit in the first 256 locations of 


memory. The span of branching is from. — 125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode: These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 








This device contains circuitry to protect the 








Self-Check Mode 
(TIMER Pin Only) 







Rating Symbol Value 
Supply Voltage Vcc —0.3 to +7.0 
Input Voltage Vin ao ~0.3 to +15.0 


inputs against damage due to high static volt- 
ages or electric fields; however, it is advised. 
that normal precautions be taken to avoid 
application of any voitage higher than max- 
imum-rated voltages to this high-impedance 





Operating Temperature Range 






circuit. For proper operation it is recom- 
mended the Vin and Voyt be constrained to 








Oto +70 
—40 to 85 
—40 to 105 


MC6805R2 
MC6805R2C 
MC6805R2V 





the range Vgg<(Vjn and Vout)<Vcc. Relia- 
bility of operation is enhanced if unused in- 

















Storage Temperature Range 


Junction Temperature Ty 
Plastic 
PLCC 
Cerdip 











puts, except EXTAL, are tied to an appropriate 
logic voltage level (e.g., either Vss or Vcc). 










THERMAL CHARACTERISTICS 











Characteristic Symbol Value 
Thermal Resistance BJA 
Plastic (P Suffix) 
PLCC (FN Suffix) 100 





Cerdip (S Suffix) 





POWER CONSIDERATIONS. 


The average chip-junction temperature, Ty in °C can 
be obtained from: 


Ty=Tat(Pp* Oya) (1) 
where: 
Ta = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+Pport 
PINT = lec Vcc, Watts — Chip Internal Power 


PportT = Port Power Dissipation, 
Watts — User Determined 


For most applications PpegrtT<Pint and can be ne- 
glected. PPorRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between. Pp and Ty (if 
Pport is neglected) is: 


P p=K=(Ty +273°C), , (2) 
Solving ehuaione (1) and (2) for K gives 
K=Pp* (Tat 273°C) + OjArPD2 (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and T can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 
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ELECTRICAL CHARACTERISTICS Wee= +5.25 Vde+0.5 Vdc, Vgg=0 Vdc, Ta=TL'to Ty, unless otherwise noted) 








































































































































































































“Characteristic —[Srmbot_[ "Min [Tye 
ino it High Voltage: ane 4 VIH 
RESET (4.75<Vcc<5. 75) 4.0 — 
Vcc(4.75) Vcc — 0.5 _ 
INT (4.75<Vcec<5.75) 4.0 * 
(Vec(4.75) Vcc - 0.5 my 
All Other 2.0 © _ 
Input High Voltage Timer VIH | 
Timer Mode 2.0 _ 
Self-Check Mode 9.0 10.0 
Input Low Voltage Vib, we) | 
RESET Vss = 
INT Vss * 
All Other (Except A/D Inputs) Vss — 
RESET Hysteresis Voltages 
“Out of Reset’ VIRES + 2.1 — 
“Into Reset” VIRES — 0.8 _ 
INT Zero-Crossing Input Voltage, Through a Capacitor VINT 2 — 
Power Dissipation — (No Port Loading, Vcc =5. i ; Pp — 520 740 mW 
=0°C — 580 800 
for Steady- -State Operation) an ears 
Input Capacitance . Cin pF 
XTAL — 25 _ 
.. All Other Except Analog Inputs (See Note) — 10 — 
Low Voltage Recover a VLVR — _ 4.75 
Low Voltage: Inhibit faa coe Viv 2.75 3.75 4.70 Vv 
Input Current pA 
TIMER (Vin = 0.4) _ a 20 
INT (Vin =2.4 V to Vcc) — 20 50 
EXTAL (Vin = 2.4 V to Vcc Crystal Option) lin — — 10 
(Vin =0.4 V Crystal Option) — _ — 1600 
RESET (Vjn'=0.8 V) IRES -4.0 — ~40 
(External Capacitor Charging Current) ~ ; in 
NOTE: Port D Analog Inputs, when selected Cjp = 25 pF for the first 5 out of 30 cycles. 
*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 
SWITCHING CHARACTERISTICS (Vcc = +5.25 Vdc + 0.5 Vdc, Vgs=0 Vde, TaA=TL to Ty) 
Characteristic Symbol Min ; Typ Max 
Oscillator Frequency - fose 0.4 _ 4.2 
Cycle Time (4/fggc) teva 0.95 — 10 
INT, INT2, and TIMER Pulse Width . | two twH | teye+250 _ — 
RESET Pulse Width {| tRWL teyc + 250 _— _ 
INT Zero-Crossing Detection Input Frequency fINT 0.03 — 1 
External Clock Input Duty Cycle (EXTAL). — 40 50 - 60— 
= = = - 100 


Crystal Oscillator Start-Up Time 
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A/D CONVERTER CHARACTERISTICS (Vcc = + 5.25 Vdc +0.5 Vdc, Vgg =0 Vdc, Ta =TL-to Ty), unless otherwise noted)’ 
Difference between ideal: and actual trans- 


fer characteristics (includes non-linéarity, 
zero offset and full scalé errors) 


= 


yp 
“>. Bits 
+/— 2.25* LSB 


Resolution 





Total Error 















Difference between the actual input voltage 
and the full-scale weighted equivalent of 
the binary output code. All error sources 
included , 


Absolute Accuracy +/— 2.75* LSB 


, Quantizing Error — +/- 5 LSB Uncertainty due'to converter resolution (in- 
herent) 
Conversion Range VAL Ls es ae eae ar ee 
VRH cc A/D accuracy may decrease proportionately 
Vv ° V as VRH is reduced below 4.75 V. The sum 
Ri. ; Vss ee ee of. VRH and Vp, must not exceed Vcc: 





toyc- Includes sample time. 
.. Inherent with total error’ ” 


(28) 
Oo 


w 
oO 
w 
oO 


: Conversion Time 


Monotonicity Ag 


Sample Time: 


o};< 
iy 


ot 
ie) 


C 


No 
Ro) 
a 


‘Sample/Hold Capacitance, Input 


Negative transients on'any analog lines (Pins 





Analog Input Voltage VRL 


19-24) are not allowed at any time during 
conversion. a a 





Do ge | 
) 
ee * 
EE} 


*Note: Accuracy may decrease at temperatures above Ta =85°C or fog¢<3.57 MHz. 
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PORT ELECTRICAL CHARACTERISTICS (Vcc =.+5.25 Vde +0.5 Vdc, Vgg=0 Vde, Ta=T_ to TH, unless otherwise noted) 


| tharacteristic | Symbot_ | min | | tye | Max | unit 
| Output Low Voltage, Woad=16mA |v | | | 
| Output High Voltage, Load=-100wA | Von |e | v 
Output High Voltage, I_opad= — 10 pA a ; — hi ete LY VO 
Input High Voltage, ILgaq = — 300 pA (max.) VIH a eae 
Input Low Voltage, ILoaq= — 500 pA (max.) VIL Vss 

| HiZ State Input Current Vin=20VtoVec) 


- Output Low Voltage, Itoaq=3.2 mA 


Output Low Voltage, ILoad = 10 mA (Sink) 


< 






IH 

Ue 
Port B 
oO 


* F 
ni lin 
° BS 
n o 


A 
N 
= 
° 


< 


<|< 
ie) 
zie 





Darlington Current Drive (Source), Vo=1.5 V 


Output High Voltage, ILoad = —200 pA 


3 
> 





QO 


<j! = < 
= . oO 

r 

: : j 


10H 
VIH 
Vit 
ITs 


Port C and Port A with TTL Drive 


< 
n 


3 Input High Voltage 








Output Low Voltage, ILoad=1.6 mA Oo 


Q 


faa 


<{< 
x= 

i) 
S 


Output High Voltage, ILgad= — 100 pA 
Input High Voltage 


Input Low Voltage ss 


_ 
= 


A 
N 


QO 
r 


= 
oO 


s 
c 
< 


Hi-Z State Input Current ITS! 
Port C (Open-Drain Option) 


H 


Input High Voitage 


~~ 


| : 
= 
w 
oO 


Input Low Voltage 
Input Leakage Current (Vin = 13.0 V) 


A 
w 


ILOD 
Output Low Voltage ILoad=1.6 mA VOL 


Port D (Digital inputs Only) 
Input High Voltage VIH 


= 
é 
<|n 





< 
Q 
io) 


: 
199) 
n 


N 
[~) 
++ bf 


Input Low Voltage VIL 





Input Current lin 
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Vcc =5.75 V 








Test MMD6150 
Point i Equiv. 1.45 kO 
40 pF 
(Total) MMD7000 
or Equiv. 


Figure 12. TTL Equivalent Test Load 
(Port B) 


Vcc =5.75 V 







Test MMD6150 





point or Equiv. 
q 2.91 kQ 
30 pF MMD7000 
(Total) or Equiv. 


Figure 14. TTL Equivalent Test Load 
(Ports A and C) 


Test Point “a. A 


T 30 pF (Total) 


Figure 13. CMOS Equivalent Test Load - 
(Port A) 


Vcc=5.75 V 
3.34 kQ 


Test 
Point 


Aa 30 pF (Total) 


Figure 15. Open-Drain Equivalent Test Load 
(Port C) 
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Vcc 
Port C Open-Drain Port ACMOS 
Option \ Veco ae Pullup Option 












Port Data 


IP = input Protection 


Figure 16. Ports A and C Logic Diagram 


To 1/0 Logic 





Figure 18. Typical Input Protection 


. Vee 
© 






1—10k Typ. 





Figure 17. Port B Logic Diagram 


Test Point <———— 


Vary V, 
Measure | 





Figure 19. I/O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file 

EPROM(s) MC68705R3, 2532, 2732, or two 2516/2716 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, asales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS/PC- 
DOS disk file), programmed with the customer program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. In either case, the diskette 
should be clearly labeled with the customers name, date, 
project or product name, and the name of the file con- 
taining the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to speed up the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 


of the M6805 memory. Include the entire memory image: 


of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


An MC68705R3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer program (po- 
sitive logic sense for address and data) may be submitted 
for pattern generation. Since all program and data space 
information will fit on one MC68705R3/2532/2732 or two 
2516/2716 type EPROM(s), the EPROM(s) must be pro- 
grammed as described in the following paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


_ For the 2532, 2732, or the MC68705R3, the ROM code 
should be located from $080 to $FF; and $700 to $F37 
and the interrupt vectors from $FF8 to $FFF. For the 2516's 
or 2716's, the ROM code should be located from $080 to 
$FF and $7CO to $7FF in the first EPROM and from $0 to 
$737 in the second EPROM. The interrupt vectors should 
be in the second EPROM from $7F8 to $7FF. 


EPROM MARKING 


ve 
Oo 
~sS 
a 
a8 
BO 
NS 





xxx = Customer IC 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for creation of the customer mask. To aid in the verifi- 
cation process, Motorola will program (customer sup- 
plied) blank EPROM(s) or DOS disk from the data file used 
to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency the MCUs 
are unmarked, packaged in ceramic, and tested at room 
temperature and five volts. These RVUs are free with the 
minimum. order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC part 
numbers for the MC6805R2. 


Package Type Part Number 
Plastic 0°C to 70°C MC6805R2P 
(P Suffix) " —40°C to +85°C | MC6805R2CP 
Cerdip ~ 0°C to 70°C MC6805R2S 
—40°C to +85°C | MC6805R2CS 


S Suffix ~~ 


PLCC 0°c to 70°C MC6805R2FN 
FN Suffix — 40°C to + 85°C | MC6805R2CFN 














IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 


Dual-in-Line Package 






VssQ1 @ 40 f] PA7 
RESET Q] 2 39 T]PA6 

iNT 3 38 PAS 

Veco g4 37] PA4 
EXTAL G5 367) PAZ 
XTALO6 PA2 
(Vgs) NUM7 3afy PAI 





TIMERO8 33 PAO 
pcoge 321] PB7 
Pcif}i0 nPB6 
eceqn 30 f) PBS 
pc3fi2 PB4 
pcaf}ia 28] PB3 
ecsol 271] PB2 
pce fis 26f]PB1 
PC7E16 25 {1 PBO 
pp7 017 N PDO/ANO 

PD6/INT2 18 23h PD1/ANI 


PDS5/VRHf} 19 22] PD2/AN2 
PD4/VR_Qj20... 





XTAL ! PA3 
(Vgg) NUM ‘ PA2 
TIMER PAI 
PCO ° PAO 
PCI: PB7 
PC2 PB6 
PC3 PB5 
PCA | PB4 
PCS « PB3 

NC [ PB2 
PC6 PBI 
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TECHNICAL DATA - MC6805R3 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805R3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro- 
computers. This low cost and high-speed MCU has parailel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for, detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the below list for additional features 
available on the MCU, 

@ Internal 8-Bit Timmer with 7-Bit Prescaler 
e@ On-chip Oscillator 

@ Memory Mapped I/O 

e Versatile Interrupt Handling 

e True Bit Manipulation 

e Bit Test and Branch Instruction 


Vectored. Interrupts 
Self-Check Mode 

3776 Bytes of ROM 

112 Bytes of RAM 

24 Bidirectional I/O Ports 
A/D Converter 


BLOCK DIAGRAM 


7 XTAL EXTAL RESET NUM iNT 
Timer/ 
TIMER Prescaler 
Counter 
| 









AID 


















PAO 
Accumulator mes Ansing 
PAI id MUX 
ot PAZ Port | Data 8 : cpu -_ 
iO PA3 A Dir Index Control 
PA4 Reg Reg Register PDO/ANO 
Lines PAs 8 x a PD1/AN1 
ene Condition Pit PO2/AN2 Port 
po Code Prt-+— Pp3/ANg 
PD4/Vp, (nput 
5 _Register_ cc a RL ii 
wa a 
Stack te ee 
p60 eee 2Pr ett ee 
Bae PBI Program 
8 Bee Port Data Counter Port D 
10 B3 8 Dir 4 High PCH Input 
PB4 Reg | Reg ALU 
Lines pps Program 
PB6 Counter 
PB7 Low PCL PCO 
PC1 
Data Port Pca (Port 
; Dir Cc PC3 . 
2048 x 8 64x8 Reg Reg PC4 Ae) 
User ROM RAM ; PC5 Lines 
192 x8 eee 
Self-Check ROM ney 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vssg is 
ground. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending. upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 


C1 


EXTAL Rs ge XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq. = 4.0 MHz @ C= 24 pF 

Rs = 50 ohms Max. 


Piezoelectric ‘ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic. resonator manufacturer's sug- 
gestions for Co, Cy, and Rg values. 


6} XTAL 
External EXTAL 
Clock 
Input 





External Clock 





Approximately 25% to 50% Accuracy 
Typical teyc= 1.25 ys 
External Jumper 


8.0 
7.0 
6.0 
5.0 
40 

3.0 


2.0 


Oscillator Frequency (MHz) 


0 10 20 30 «40 50+ 60 70 80 
Resistance (k{2) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 







(See Note) CI 


Crystal 






R ; : 
(See Figure 7-5) Sl extay Mey 
No 


Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal 


used. 


Figure 1. Oscillator Connections 
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Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
tOxOV OF tILCH specifications do not apply when using 
an external clock input. 


TIMER 


This pin is used as an external input to control! the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test program. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC3) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed. input port and not 
controlled by any data register. Port D. has up to four 
analog inputs, plus two voltage references inputs when 
the A/D converter is used (PD5/Vay, PD4/VRL), and an 
INT2 input. All Port D lines can be read directly and used 
as binary input. If any analog input is used, then VRH and 
VRL must be used in the analog mode. Refer to PRO- 
GRAMMING and ANALOG-TO-DIGITAL CONVERTER for 
additional information. , 3 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 


bits. 
Data Direction 
’] Register® Bit 


Latched — 
Output 
~ Data Bit 









_ internal 
Connections 


When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for 
/O functions and to Figure 3 for typical port circuitry. 

Port D provides reference voltage (INT2) and multi- 
plexed analog inputs. Port D can always be used as digital 
input and may be used for analog if VRH and VR are 
connected to the appropriate reference voltage. The VRH 
(PD5) and Vp, (PD4) are internally connected to the A/D 
resistor. 


Table 1. /O Pin Functions 


Data Latched 
Direction Output 


Register - Data 


Bit Bit 





**Ports B and C are three state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, A/D registers, a miscellaneous register, and 
/O. The interrupt and reset vectors are located from $FF8 
to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 


Figure 3. Typical Port 1/O Circuitry and 
Register Configuration 
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7 0 
000 
1/0 Ports - 
Timer 
RAM 
127 (128 Bytes) 
128 


Main User 
ROM 
(3768 Bytes) 


Self Check 
ROM 
(192 Bytes) 


Timer Interrupt 


Interrupt J 40991 , 
Vectors 4092 





765 43 210 


"Poa ata Reiter] 100 
0 
sone 
sus 
sos 
sos 
sone 
so1 
sos 
08 
son 


(3 Bytes) $00D 
sone 
wok. 


onmonn OO & W NY 


= 
_ 
= © 


$010 
: RAM 
- (112 Bytes) 
* Stack 
{31 Bytes Maximum) 
$07F 


* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of ‘arithmetic calcu- 
lations or data manipulations. 


7 . 0 
INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 


may be added to an 8- or 16-bit immediate value to create. 


an effective address. The index register may also be used 
as a temporary storage area. 
7 0 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 
11 8 7 0 


PCH PCL 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


0 


11 5 4 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 

0 


4 
fal i[wiz{e | 


Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 
‘Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data Maniptanen was negative 
(bit 7 in the result is a logic 1). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

(0 — Functionally exercise I/O ports, 

RAM — Walking bit test, 

ROM — Exclusive OR with ODD ‘Ist” parity result, 

Timer — Functionally exercise timer, 

Interrupts — Functionally exercise external and timer 

interrupts, and 

A/D Converter — Functionally test the Analog-to- Digital 

Converter. 
The RAM, ROM, and the A/D test can be called by a user 
program. The Timer test may be called if the timer input 
is the internal clock. Table 2 shows the status of the LEDs 
as a result ofa failure. Port C is tested only once (just 
after reset). If port C fails, no lights will appear. 





* This connection depends on ciock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 


Figure 5. Self-Check Connections 
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Table 2. Self-Check Error Patterns 
LED Meanings 
Remarks (1:.LED ON; 0: LED OFF) 


[Bad VO 

Bad Timer 

Bad RAM 

Bad ROM 

Bad A/D 

Bad Interrupts or Request Flag 
Good Device 























oooo0o0o0°o 


All Flashing 








Anything else Bad Part, Bad Port C, etc. 


RESETS 


The MCU can be reset three ways: (1) by initial power- 
up (2) by the external reset input (RESET) and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 





EXTERNAL RESET INPUT 
The MCU is reset when a logic zero is applied to the 


RESET input for a period longer than one machine cycle . 


(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 








1.0 pF 
Typical 


“me 









Current 
Limiting 


certain level (VLyj). The only requirement is that the Vcc 
must remain at or below the V_y| threshold for one toy 
minimum. vs 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
teyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLyR) at 
which time a normal power-on reset occurs. 





INTERRUPTS — 


The MCU can be interrupted four different ways: (1) 
through the external interrupt IRO input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external port D bit 
6 (INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents tobe recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction‘is complete. 








NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 


Strong 
Discharge 
Device 







Low Voltage 


tional) 
Detector Heougns 








POR = 
Delay vee ant 
Capacitor 
Grerging Internal 
Current 
* Disable LV! Source 


) > 


Schmitt 
Trigger 





Figure 6. RESET Configuration 
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6 5 4 


7 











Push 


2 1 ) 
Condition Code Register 


Accumulator 


_. Index Register © 


1 ES 
ea RCO, EES PE S| 


: PCL* 


3 Pull 


n+ 
n+2 
n+3 


n+4 





n+5 





*For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt Stacking Order 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 


11 (in CE) 
O7F — SP. 
O— DDRs 

CLR INT Logic 
FF — Timer 

7F — Prescaler 
7F.—> TCR 


7E=*MR (TIMER INT) 


TCR7 + TCR6 
MR7 + MR6 
(INT2) 


Put FFE on 
Address Bus. : 


Is Fetched 


RESET Instruction 
Pin= High on SWI? 


Load PC 


: Fetch , 
instruction 





interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is. recognized, the current state of the machine 
is pushed onto the stack and the.| bit in-the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally. ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


INT 
Request 
Latch 


Load PC From: 
SWI: FFC/FFO 
INT: FFA/FFB 
___Timer or 

INT2: FF8/FF9 


PC—PC+1 


From Execute 
FFE/FFF Instruction 


Figure 8. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 


then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code | bit is clear. The 
‘following paragraphs describe two typical external in- 
terrupt circuits. 


Zero-Crossing Interrupt 

A sinusoidal input signal (f|NT sania: can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the.ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 


(a) Zero-Crossing Interrupt 





ac 










- signal that can be recognized by the TIMER or INT pin 


logic is dependent on the parameter labeled twL, tWH. 


” Refer to. TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR). The 8-bit counter may be loaded 
under program control and is decremented toward zero. 
When the timer reaches zero, the timer interrupt request 
bit (bit 7) in the timer control register (TCR) is set. Refer 
to Figure 10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 


{b) Digital-Signal Interrupt 


Vcc 


















(Current . TTL 
input Limiting) 
(fin Max.) 9 Level 
Rs1 Moa. Digital 
ac Input Input 
210 Vacp-p 
Figure 9. Typical Interrupt Circuits 
Selected by Selected by TCRO, 
~ TCR4, TCRS TCR1, TCR2 
External ; 
Input 
Interrupt | 
Control 
Prescaler 
7 Bits ; 
Internal 
Clock 
; Write Read Interrupt 
Cleared by 
~TCR3 
Software Functions 
NOTES: 


1. The prescaler and 8-bit counter are clocked on the rising edge of the internal clock (phase two) or external input. 
2. The counter is written to during data strobe (DS) and counts down continuously. 


Figure 10. Timer Block Diagram 
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CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine: The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler. is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. TDR is unaffected by reset. 


SOFTWARE CONTROLLED MODE 
The timer prescaler input can be configured for three 


different operating modes plus a disable mode, depend-. 


ing on the value written to-TCR control bits 4 and 5 (TCR4 
and TCRS). The following paragraphs describe the dif- 
ferent modes. 


Timer Input Mode 1 


When TCR4 and TCR5 are both sane to zero, 
the timer input is from the internal clock (phase two) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur- 
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 


Timer Input Mode 2 


When TCR4=1 and TCR5= 0, the internal clock and the 


timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external eee The accuracy of 
the count is +1. 


Timer input Mode 3 


When TCR4=0 and TCR5=1, no prescaler input fre- 
quency is applied to the prescaler. and the timer is dis- 
abled. 


Timer Input Mode 4 


When TCR4 and TCR5 are both one, the.timer input.is 


from the external clock. The external clock can be used 
to count external events as well as to provide an external 
frequency for generating periodic interrupts. — 


TIMER CONTROL REGISTER (TCR) $009 


' This is an 8-bit register that controls various. functions 
such. as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request ene 
Bit 3 is a write only bit. 





TCR7 — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1=Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TCR6 — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0=Interrupt enabled 
TCR5 — External or Internal 
Selects input clock source 
1=External clock selected 
0=Internal clock selected (fgsc/4) 
TCR4 — TIMER External Enabie 
Used to enable external TIMER pin 
1=Enables external timer pin 
0= Disables external timer pin 
TCR3 — Prescaler Clear - 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero. 
TCR2, TCR1, TCRO — Prescaler Select Bits 
Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 


























ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 11. Four external analog inputs can be connected 
to the A/D through a multiplexer via port D. Four internal 
analog channels (VRH-VrRiL, VRH-VRL/2, VRH—VRL/4, 
and VRiL) may be selected for calibration. The accuracy 
of these internal channels may not meet the eceurecy 
specifications of the external channels. 

Multiplexer selection is controlled by the A/D santral 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown in Figure 11. The 
converter uses 30 machine cycles to complete a conver- 
sion of.a sampled analog input. When the conversion is 
complete, the digital value is placed in the A/D result 
register (ARR); the conversion is flag. set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input is sampled for five machine cycles 


_and held internally. 
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Table 3. A/D Input MUX Selection . 
Input 















A/D Control Register 












*Internal (calibration) levels 


The converter uses. VRH and VR, as reference voltages. 
An‘input voltage equal to or greater than VRy convérts 


VRH 

VAL 
PDO/ANO 

' PDI/ANI 
PD2/AN2 

~ PD3/AN3 






1-of 8 
Select 
Multiplexer 







1, Seana ee ES BSE £7) 
A/D. TW s[Tz]e2 
/ | ajl<al¢ 


Register 


ACR 





to $FF. An input voltage equal to-or less than VR , but 
greater than Vss, converts to: $00. Maximum and mini- 
mum ratings must not.be exceeded. Each analog input 
source: should use VRH as. the supply voltage and be 
referenced to Vp,.-for the ratiometric: conversion:. To 
maintain full accuracy of the:A/D, three requirements 
should be. followed: (1) VR should::be equal to. or less 
than Vpp, (2) VaL should be equal.to or greater than Vss 
but less than maximum specifications,.and (3) VRH-VRL 
should be equal to or greater than 4 volts. ...: 

The.A/D has a built-in 1/2 LSB offset intended to reduce 
the. magnitude of the quantizing error to +.1/2LSB, rather 
than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01. occurs 
at 1/2 LSB above Vp_. Similarly, the transition from $FE 
to $FF occurs 1-1/2.LSB below:VRH, ideally. , 







Figure 11. A/D Block Diagram - 


INSTRUCTION SET 


The MCU has a'set.of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch; bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS Rah, 


- Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP): and 


jump to subroutine (JSR) instructions have no register ~. 


operand.:Refer to the following list of instructions. - 


Pinetown 


Load X from Memory 

















. Store A in Memory . 






Store X in Memory 
Add Memory toA 































A/D 
Result 
- Register 
Function Mnemonic 
— 

Add Memory and Carry to A “, ADC... 
Subtract Memory : of SUB. 
Subtract Memory from A with Borrow © - “SBC 
AND Memory to A AND 











OR Memory with A 
“ Exclusive OR Memory with A |” 









ORA. 







Arithmetic Compare Awith Memory _ CMP ._ 
Arithmetic Compare X with Memory: : CPX 
Bit Test Memory with A (Logical Compare) _ BIT 


‘Jump Unconditional .... . JMP 







‘Jump to Subroutine |: 





READ-MODIFY-WRITE INSTRUCTIONS . 
These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
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read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 





Increment INC 
Decrement : DEC 
Clear ; CLR 
Complement ‘COM 
NEG 
Rotate Left Thru Carry ROL 
Rotate Right Thru Carry ROR 
Logical Shift Left -LSL 
Logical Shift Right ~ LSR 
Arithmetic Shift Right . ASR 
Test for Negative or Zero : TST 











BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 





— 





Function Mnemonic 





Branch Always 





Branch Never 





Branch if Higher 





Branch if Lower or Same 





Branch if Carry Clear 








jes 
(Branch if Higher or Same) 





Branch if Carry Set 





(Branch if Lower) 





Branch if Not Equal 
+—— q 





| Branch if Equal 














Branch if Half Carry Clear BHCC 
: 
Branch if Half Carry Set BHCS 
os pe 
Branch if Plus BPL 











we RA > 
Branch if Minus 
Branch if Interrupt Mask Bit is Clear cif BMC 
-— 
Branch if Interrupt Mask Bit is Set 








Branch if.Interrupt Line is Low 


Branch if Interrupt Line is High 











Branch to Subroutine 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 


Transfer X to A 


| Clear Interrupt Mask Bit 


‘| Reset Stack Pointer 


branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


_lation instructions. 


| 











CONTROL INSTRUCTIONS 


These instructions are register reference. instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. ; 








Transfer Ato X 





Set Carry Bit 


Clear Carry Bit : 


Set Interrupt Mask Bit 















‘Software Interrupt 


Return from Subroutine 
Return from Interrupt 


OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 


"modes make it possible to locate data tables, code cov- 


ersion tables, and scaling tables anywhere in the memory 
space. Short.indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing .is. also included. Two-byte direct ad- 


‘dressing instructions access all data bytes in most 


applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing ~ 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 
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Table 4. Opcode Map 














Bit Manipulation. | Branch Read-Modify-Write : Control : Register/M 
R IR INH INH a IX INH INH IMM DIR 

a ae oe ee ae 

ott 0100 o101 0110 out 1000 1001 1010 1011 __1100 


ae 
i 
alk oo 
n 
> 
5 




















4 4 7 6 3 4 
BRSETO , BSETO etal NEG NEG NEG NEG * NEG RTI SuB SUB SUB UB 
DIR | 1 INH | 1 INH _[ 2. x1] xX 1 INH | =e IM. Miz Qik | 3 __EXT 000 
T 6 2 
‘BRCLRO " BCLRO RTS CMP aR CMP. ‘ CMP CMP eo 
1 INH 2 IMM | _2 oR | 3 EXT \ 
oa a T T2 4 5 4 
“BRSETY BHI dled | ; SBC SBC Ss 7 ; SBC 
R IMM | 2 O! x 
7 4 6 4 [a 7 6 iv AR —~T2 i 4 5 
BRCLRY ag COM COMA COMX COM COM SWI CPX CPX CPX CPX 
B “DIR | 1 INH iz INH iv wa | ix] INH | +3 IMM. Z _ DIR | 3 EXT 1 IX 
6 4 4- 7 6 
BRSET2 * BSET2 LSR LSRA LSRX LSR LSR AND AND AND ano | 
OTR } 1 INH | 1 INH | 2 xi | Ix 2 tMM | 2 DIK | 3 _EXT 
4 











q T? 4 t 5 
IBRCLRZ BCLR2 BCS , BIT BIT BIT 
{ + +. | ee 4 IMM DIR xT 


ns 6 4 4 4 5 
BRSETS | BSETS ROR . Ly RORA ; RORX ROR ROR 2 LDA als maa 5 LDA : 
Se 2 ) INH INH 1 iM i Xx 
‘ I 4 i 1x IX +2. +-£ 


sj 
ror 




















J 
10 7 4 7 6 - 
BRCLAS * BEQ. ASR ASRA ASRX ASR -ASR TAX ; STA A STA 
WR jt INH | + INH | 2 Xl} t Ix 1 INH. li 
7 4 16 a a 1a ate 6 2 Te 14 5 
‘BRSETA BHCC LSL LSLA LSLX LSL USL CLC. EOR EOR “I EO! 
R oir | 4 INH | 1 INH ral IMM | 2 


ROL | SEC ADC 


4 
BRCLRS ” BCLRA 


o|~ 
x 
— -N 
as 
td 
Ed 
ad 
> 
jo] 
o® 
F 
eo 
> 
Go 
im |mD 
x 
A 
Q re) 


















































R IN : 1 iNH 
4 6 — 2 4 
BRSETS ” BSETS DEC * DECA DECX DEC DEC cul ORA ORA ORA 
8 2 A 2 DIR | INH |) INH ; 2 xt jt ix 1 INH_} 2 IMM Z OIR_ | 3 EXT 
BSC RE 1 INH_ | 2 IMM | 2 OR | 3 EXT 
4 6 4 4 - 6 2 3 4 
c ‘BRSETS BSET6 BMC INC INCA INCX INC INC RSP JMP JMP 
1100 B Ret | 2 OR [1 INH | 1 INH 4 2 xt pod IX 1 INH. zl 2 DIR_ | 3 EXT 
4 mn 4 4 7 6 - 8 7 
D " BCLAG BMS TST TSTA TSTX TST TST NOP BSR JSR JSR 
1101 2 REL | 2 DIR |) _ 3 a 2 xi] IX 1 NH | 2 REL { 2 DIR | 3 EXT 
2 4 Te 
E "BRSET7 " eSeT? BIL LOX LDX L 
1110 BTS BSC | 2 Rei | al 2 IMM | 2 oR | 3 EXT 
10 4 6 4 4 ae 6 2 ] 5 Te 
F BRCLR7 ScuR | BIH CLR CLRA CLRX CLR CLR TXA STX STX 
1 3 BIB REL | 2 OR} 1 INH | 1 INH | 2 xt] Ix i INH] 2 oR | 3 EXT 
Abbreviations for Address Modes LEGEND 
INH Inherent Opcode in Hexadecimal 
IMM Immediate 
DIR Direct t of Cyck 
EXT Extended : a ye es Opcode in Binary 
REL Relative HEMOne 
BSC Bit Set/Ciear Bytes 
BTB- . Bit Test and Branch 
Ix indexed (No Offset) Address Mode. 
IX1 Indexed, 1 Byte (8-Bit) Offset 


IX2. _ Indexed, 2 Byte (16-Bit) Offset 
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IMMEDIATE 


Inthe immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
.the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET | 


In the indexed, 8-bit offset sadieesind mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register.and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit-is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


CAUTION 


SS 

The correspor.ding DDRs for ports A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used'to set 
or clear a DDR bit (all “unaffected” bits would be 
set). It is recommended that ail DDR bits in a port 
be written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test. and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 


-allows the program to branch based on the condition of 


any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 












This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the Vin and Voyt be constrained to 
the range Vsg < (Vin or Vout) = Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
°C/W logic voltage level (e.g., either VSs or Vcc). 


-—0.3 to.+7.0 


—0.3 to +7.0 
~0.3 to + 15.0 












Input Voltage 
Self-Check Mode (TIMER Pin Only) 


Operating Temperature Range 
MC6805R3 
MC6805R3C 
MC6805R3V © 


Storage Temperature Range 


Junction Temperature 
Plastic 
PLCC 

Cerdip 










TL to Ty 
0 to 70 
—40 to +85 
-40 to +105 


—55 to +150 


















150 
150 

















THERMAL CHARACTERISTICS : 


| ___—Characteristic | Symbol| Value | Unit_| 


Thermal: Resistance 
Plastic (P Suffix) 

PLCC (FN Suffix) 

Cerdip (S Suffix) 


POWER CONSIDERATIONS ~ For most applications PporT<PintT and can be ne- 


glected. PPoRT may become significant if the device is 
The average chip-junction temperature, Ty, in °C can configured to drive Darlington bases or sink LED loads. 
‘be obtained: from: An approximate relationship between Pp and Ty (if 
Ty=Tat(Pp * 5a) (1) Pport is neglected) is: _ 
‘where: iar Pp=K=+(Ty+273°C) (2) 
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 

9jA = Package Thermal Resistance, K=Pp * (Ta + 273°C) + Oy arPD? (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp = Pint+Pport can be determined from equation (3) by measuring Pp 
PinT =!ecxVec, Watts — Chip Internal Power (at equilibrium) for a known Ty. Using this value of K, 
Pport = Port Power Dissipation, the values of Pp and Ty can be obtained by solving equa- 

; , Watts — User Determined tions (1) and (2) iteratively for any value of Ta. 


MOTOROLA MICROPROCESSOR DATA: 
3-466 


MC6805R3 


ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta =TL to Ty, unless otherwise noted) 


























































Characteristic 
Input High Voltage VIH Vv 
RESET (4.75 < Vcc < 5.75) 4.0 
Vee < 4.75) Vec-0.5 —_ 
INT (4.75 < Vcc = 5.75) 4.0 * 
(Vcc < 4.75) Vcc -0.5 x 
All Other | _2.0 — 
| Input High Voltage Timer ; | VIH 
Timer Mode 2.0 
Self-Check Mode 
Input Low Voltage VIL 
RESET Vss “ 
INT Vss x 
All Other (Except A/D Inputs) - Vss _| — 
RESET Hysteresis Voltages 
“Out of Reset’ : VIRES + 2.1 _ 
“Into Reset” et VIRES — — 0.8 aes 
INT Zero Crossing Input Voltage, Through a Capacitor VINT He 2 =) _ 
Power Dissipation — (No Port Loading, Pp 
Vcc =5.75V Ta =0°C — 520 
for Steady-State Operation) Ta= — 40°C _— 580 
| y p A | = 
Input Capacitance aot Cin 
XTAL : aes 25 
All Other Except Analog Inputs (See Note) at | _— _| 10 
Low Voltage Recover Me VLVR + Silo. 
Low Voltage Inhibit VLVI 2.75 i 3.75 
L i. 4 
Input Current 
TIMER (Vin =0.4) lin — _ 
INT (Vin = 2.4 V to Vcc) =" 20 
EXTAL (Vin = 2.4 V to Vcc Crystal Option) —_ = 
(Vin =0.4 V Crystal Option) — — 
RESET (Vin =0.8 V) Y IRES -4.0 — 
7 (External Capacitor Charging Current) LL io _| 








NOTE: Port D analog inputs, when selected Cj, = 25 pF for the first 5 out of 30 cycles. 
*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 












Characteristic 











Oscillator Frequency 








| Cycle time (4/fosc) 
[ INT, INT2, and TIMER Pulse. Width 

RESET Pulse Width 

INT Zero-Crossing Detection Input Frequency 
External Clock Input Duty Cycle (EXTAL) 
Crystal Oscillator Start-Up Time 
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A/D CONVERTER CHARACTERISTICS (Vcc = +5.25 Vde+0.5 Vdc, Vgg =0 Vdc, Ta=T_ to Ty), unless otherwise noted) 



























































Min | Typ ‘Max Unit Comments 
. 7 ale an eas 

Resolution ; 8 8 8 Bits 

Total Error | — _— +/— 2.25* | LSB Difference between ideal and actual trans- 
fer characteristics (includes non-linearity, 

= 5 zero offset and full scale errors) © 
cds 

Absolute Accuracy _ —_— +/— 2.75* LSB Difference between the actual input voltage 
and the full-scale weighted equivalent of 
the binary output code. All error sources 
included 

Quantizing Error = —_ +/-_.5 LSB Uncertainty due to converter resolution (in- 
herent) 

Conversion Range VRL — VRH V 

VRH — _— Vcc A/D accuracy may decrease proportionately 

Ver V 02 as VRH is reduced below 4.75 V. The.sum 

R SS — : of Vay and Vp; must not exceed V 
+ RH RL aYcec | 
Conversion Time 30 30 30 teyc Includes sample time 
+— 
| Monotonicity : Inherent with total error 
Sample Time 5 5 5 t 
alee ot tes 
Sample/Hold Capacitance, Input o— _— 25 pF 
Analog Input Voltage VRL _— VRH Vv Negative transients on any analog lines (Pins 

19-24) are not allowed at any time during 
conversion. 





LW 


ll. 














*Note: Accuracy may decrease at temperatures above Ta =85°C or fog¢<3.57 MHz. 


Test 
Point 


40 pF 
(Total) 


MMD6150 
or Equiv. 


Vcc =5.75 V 










1.45 kQ 


MMD7000 
or Equiv. 


Figure 12. TTL Equivalent Test Load 


‘Test 
point — 


30 pF: 
(Total) 


(Port B) 


MMD6150 
or Equiv. 


Vcc =5.75 V 










2.91 kQ 


MMD7000 
or Equiv. 


Figure 14. TTL Equivalent Test Load 
(Ports A and C) 


Test Point oa 


30 pF (Total) 


Figure 13. CMOS Equivalent Test Load 


(Port A) 


Vcc =5.75 V 
3.34 kQ 


Test 
Point 


ae 30 pF (Total) 


Figure 15. Open-Drain Equivalent Test Load 


(Port C) 
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Vop 
Port A CMOS VoD 
Port C Open-Drain Vop06 ae Pullup Option ° 


Option 










1-10k Typ. 


PB DDR 


Port Data PB Data 


IP = Input Protection IP = Input Protection 


Figure 16. Ports A and C Logic Diagram Figure 17. Port B Logic Diagram 


F | 
To 1/0 Logic Test Point <———— 





Vary V, 
Measure | 
t)V | 





Figure 18. Typical Input Protection Figure 19. I/O Characteristic 
Measurement Circuit 
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PORT ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vde-+0.5 Vdc, Vgg =0 Vdc, Ta=T_ to Ty, unless otherwise noted) 














































































































Hl 














7 


















































___ Characteristic Symbol Min Typ | Max ho Unit 
Port A with CMOS Drive Enabled: - ; | 
Output Low Voltage, ILoag= 1.6 mA =. _ 0.4 ~} Vv 
Output High Voltage; ILoad= — 100 pA VOH 2.4 — — : Vv 
Output High Voltage, ILgag= — 10 pA VOH | Vec-1 z= —_ — V 
Input High Voltage, I| oad = — 300 »A (max.) VIH - 2.0 + — ee Vcc = ov. 
input Low Voltage, ILoag= — 500 »A (max.) VIL am Vss _— - 08 V _| 
Hi-Z State Input Current (Vjn =2.0 V to Vcc) WH — — — 300 pA 
Hi-Z State Input Current (Vjn =0.4 V) Ne ai _ — -500 pA 
Port B 
Output Low Voltage, ILgaq=3.2 mA VOL as — _ 0.4 
Output Low Voltage, I_gad = 10 mA (Sink) Vo. | = _ 1.0 _ 
Output High Voltage, ILgad= — 200 pA VOH 2.4 = a _— i? _— V 
Darlington Current Drive (Source), VQ=1.5 V |OH — 1.0 _ ~ 10 oa mA 
Input High Voltage VIH 2.0 a at Vcc V 
Input Low Voltage VIL Vss — 0.8 
Hi-Z State Input Current LESH = tj) <2 10 nA _| 
Port C and Port A with TTL Drive 
Output Low Voltage, Itgaq=1.6 mA VOL | ~~ _ 0.4 V 
Output High Voltage, IL_gaq= — 100 pA VOH 2.4 Ss — V 
Input High Voltage VIH 2.0 ~ Vcc _Yv 
Input Low Voltage VIL Vss _ 0.8 V 
Hi-Z State Input Current ITSI _ <2 10 pA 
Port C (Open-Drain Option) 
Input High Voltage PCO-PC6 VIH 2.0 =. 13.0 V 
Input High Voltage PC7 VIH | 2.0 | _— Vcc 
Input Low Voltage VIL Site Vss =a) 0.8 a V f 
Input Leakage Current (Vjn = 13.0 V) ILOD = <3 15 pA 
Output Low Voltage, IL oad=1.6 mA Vo. = = = 0.4 V 
Port D (Digital inputs Only) | 
Input High Voltage ViH Hike 2.0 — Vcc 
Input Low Voltage VIL Vss —- _ = 0.8 
lin | _ <1 5 pA 


Input Current* 


' 




















*PD4/VR_ — PD5/VRH. The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their 


use as digital inputs in some applications. 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 

MS-DOS/PC-DOS disk file 

EPROM(s) MC68705R3, 2532, 2732, or two 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer's pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer’s name, 
date, project or product name, and the name of the file 
containing: the pattern. 

in addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File . 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8 inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format..The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A MC68705R3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer’s program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705R3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola tnc. 





For. the 2532, 2732, or MC68705R3, the ROM code should 
be located from $080 to $F37 and the interrupt vectors 
from $FF8 to $FFF. For the 2516s or 2716s, the ROM code 
should be located from $080 to $7FF in the first EPROM 
and from $0 to $737 in the second EPROM. The interrupt 
vectors should be in the second EPROM from $7F8 to 
$7FF. 


EPROM MARKING’ - 


Pel 
bad 








oOo 
© 
gs 
“SO 
s 
its] 
™N 


1st 
2516/2716 
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xxx = Customer ID 


VERIFICATION MEDIA - 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These ‘units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at room temperature and at five volts. These RVUs are 
free with the minimum order quantity but are not pro- 
duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC6805R3. 


Table 5. Generic Information 


Package Type 


Plastic 0°C to 70°C 
(P Suffix) ~40°C to + 85°C 
0°C to 70°C 

— 40°C to + 85°C 


Order Number 


MC6805R3P 
MC6805R3CP 


MC6805R3S 
MC6805R3CS 


MC6805R3FN 
MC6805R3CFN 





Cerdip 
S Suffix 


PLCC 0°c to 70°C 











FN Suffix — 40°C to + 85°C 


IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 
PIN ASSIGNMENTS: 


Dual-in-Line Package 
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EXTAL D5 361] PA3 TIMER 
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TIMER[]8 - _- 33f] PAO. PC2 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC6805S2 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of microcontroll- 
ers. This low cost MCU has parallel I/O capability with pins programmable as input or output. This publica- 
tion contains condensed information on the MCU; for detailed information, refer to Advance Information 8- 
Bit Microcompters (ADI997R1) or contact your local Motorola sales office. 

Refer to the block diagram for the hardware features.and to the list below for additional features available 
on the MCU. : 

@ Internal 7-Bit Timer and 15-Bit Programmable. Prescaler 
On-chip Oscillator ; 
Memory Mapped 1/O 
Versatile Interrupt Handling 
Bit Manipulation 
Bit Test and Branch Instruction 
Vectored Interrupts 


Self-Check Mode 

1480 Bytes of ROM 

64 Bytes of RAM 

Serial Peripheral Interface (SP!) 
One 8-Bit and One 16-Bit Timer 


ry 
e 
e 
e 
ry 
© A/D Converter 


BLOCK DIAGRAM 





PRESCALER1/PCO PRESCALER2/PC1 


. i 0 
XTAL O Bene ot TIMER A |PRESCALER 1 PORT C PRESCALER 2] TIMER B 
EXTAL O 2 TIMER A CONTROL | DOR | TIMER B CONTROL 
REGISTER REGISTER 
MISCELLANEOUS 
PAO REGISTER 
PAI1 Oo : 
p .& 
PA2 O-—-| 9 XILI Te be “m0 
PAS O—4R ACCUMULATOR PROGRAM Shaicnmth dial —O.Vss 
T COUNTER 







PA4 © INDEX REGISTER 
PAS OJ A CONDITION CODE 
PAG REGISTER 

© iNT2/ 


PROGRAM 
O COUNTER 
PA? STACK POINTER HIGH 
RESET © 
nae ALU 
INT1 © 
AN4/ 


PORT D VsTBY 
RAM 
cs eee ee SEER 
SPI DATA PORT B 2088 ms 


O O O © 
PBO PBI PB2—s-PB3 © 
SPISS SPICL SPID SPID 


LOW A/D CONVERTER 


He 0 ANO/PDO 
O ANI/PAI 
HH O AN2/PD2 
Pe et] O AN3/PD3 


O VAL 


Conese, 
aanee 


This: document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc and Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vsg is 
ground. 


NUM 


This pin is for factory u use chly. It should be connected ~ 


to Vss. 


INT1, INT2 


These pins provide the capability for asynchronously 
applying an external interrupt to the MCU. Refer to IN- 
TERRUPTS for more detailed information. 


XTAL, EXTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on user selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 


With this option, a resistor/capacitor combination is 
connected to the oscillator pins as shown in Figure 1(c), 
Refer to Figure 2 for the relationship between R and fosc. 


XTAL 
26 


EXTAL Ly 
2 





At-CUT PARALLEL RESONANCE 
CRYSTAL 

Co=7 pF MAX. 

FREQ. = 4.0 MHz(« Cy = 24 pF 

Rg =40 OHMS MAX. 








EXTERNAL a 
clocK =~ : 

INPUT 27) EXTAL EITHER CRYSTAL 
(TTL COMPATIBLE, OR RC MASK 
LOW IMPEDANCE OPTION 

SOURCE) 






EXTERNAL CLOCK 





OSCILLATOR FREQUENCY (MHz) 
> 
Qo 


APPROXIMATELY 10% to 25% © 


Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and Statue stabilization time. 


External Clock © Py 
An external clock should be applied to the EXTAL japat 
with the XTAL input.not-connected, as shown in Figure 





Bt ee 
Hela ae) 
ERGRSEaE 
ERERESRG 









IAT. g 





Oo 10 20 30 40 50 60 70 80 
7 RESISTANCE (k{2) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 





Mcu 
27| extay (CRYSTAL MASK 
OPTION 


CRYSTAL 










MCU 
(RESISTOR MASK 
OPTION) 


MCU 
EXTAL (RESISTOR MASK 
OPTION) 





APPROXIMATELY 25% to 50% 


_ ACCURACY ACCURACY 
EXTERNAL RESISTOR TYPICAL teye=1.25 ps 
(EXCLUDES RESISTOR TOLERANCE) EXTERNAL JUMPER 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 
frequencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends 


on the motional-arm parametes of the crystal used. 


Figure 1. Oscillator Connections 
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1(d)}. This option may only be used with the Rc or XTAL 
option selected. 


PCO, PC1 


These pins allow an external input to be used to dec- 
rement the internal timer circuit. Refer to TIMERS for 
additional information. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB3, PCO-PC1, and 
PDO-PD6) 


Port A, B, and C are programmable as either inputs or 
outputs under software control of the data direction reg- 
isters. Port D is a fixed input port and not controlled by 
any data register. Port D has up to four analog inputs or 
five via the mask option, plus two voltage reference in- 
puts when the analog-to-digital (A/D) converter is used 
(PD5/VRH, PD4/VR_) and an INT2 input. If the analog input 
is used, then the voltage reference pins (PD5/Vay and 
PD4/VRL) must be used in the analog mode. Refer to 
PROGRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). The port I/O programming is 
accomplished by writing the corresponding bit in the port 
DDR to a logic one for output. and a logic zero for input. 











DATA 
{DIRECTION REGISTER 
BIT* 


wn” 
az 
ao LATCHED 
25 OUTPUT 
ba DATA 
z2 BIT 
oO 


Data: 
Direction 
Register 
Bit 








On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DDR bits. 

Port D provides the multiplexed analog inputs, refer- 
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 
digital or analog inputs. The VRL and VRH lines are in- 
ternally connected by the A/D resistor. Analog inputs may 
be prescaled to attain the VR, and VRH recommended 
input voltage range. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set'to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero). and, also, to the latched output 
when the DDR is an output (one). Refer to Figure 3 for 
typical port circuitry. 


PORT B TOGGLE CAPABILITY 


Port BO and B1 registers have toggle capability at the 
timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO), the overflow pulses from timer A and B are di- 
rected to port BO and B1 data registers. See Figure 4 for 
port B configuration flow chart. 

An incoming toggle pulse on port BO is allowed to 
toggle the data register if port B DCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming toggle pulse 
on port B1 is allowed to toggle the port B1 data register 
















*DDR is a write-only register and reads as all “ones”. 
**Ports A (with CMOS drive disabled), B, and C are three-state 





ports. Port A has optional internal pullup devices to provide 
CMOS drive capability. See Electrical Characteristics tables 
for complete information. 












High-Z** 


Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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*Toggle Enable B1 = (SPICR7*SPICR4-(PBO + DDRBO))*SPICR2:SPICR4)*CLAQ 
**A or B depends on (MRO) 
x Write Only Register 





MCU 


MCU DDR x U 
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OPEN DRAIN 
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*WRITE ONLY REGISTER 
LSP! OUTPUT STROBE*SPICR3 
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Figure 4. Port B Configuration 
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under the following conditions governed by control bits 
in SPI control register and SPI clock arbitration flip-flop 
status. 


PB1 toggle enable = (SPICR7)*SPICR4- 


(PBO + DDRBO) + SPICR2> 
SPICR4:*CLAQ 





where: 
SPICR7 =SPI interrupt request bit 
SPICR4 = SPI operation enable bit 
SPICR2 = port B1 toggle enable/start bit 
CLAQ =clock arbitration flip-flop output 


When PB toggle enable is asserted, the MCU write to 
PB1 data register is inhibited. When SPI is not used, SPICR4 
and CLAQ are reset. Therefore, SPICR2 can directly con- 
trol the port B1 toggle capability. Port toggle capability 
allows action on port BO or B1 or both as a result of timer 
overflows. This method speeds up timer overflow to port 
service. A write to port BO or B1 data registers is inhibited 
while the individual port toggle enable is asserted. 

The port B DCR consists of four status bits (DCR7-DCR4) 
and four data direction bits (DCR3-DCRO). DCR4 is a tog- 
gle enable control bit for port BO. When cleared, the timer 
overflow pulse causes the data register on port BO to 
toggle. Port A has an 8-bit and port C has a 2- bit wide 
data direction register. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
5. The locations consist of user ROM, self-check ROM, 
user RAM, five timer registers, a miscellaneous register, 
two A/D registers, two SPI registers; and I/O. The interrupt 
vectors are located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS | 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 0 


| A J 








INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


(ae 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 








8 7 0 


r PCH a , PCL = 2 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant'bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 








0 


11 5 4 
fofofojofojijr] sr | 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit.register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
[wl [s]zfe] 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 








Interrupt (I) 


When this bit is set, the timers (both A and B), the 
external (INT1 and INT2) interrupts, and the SPI interrupt 
are masked (disabled). If an interrupt occurs while this 
bit is set, the interrupt is latched and is processed as soon 
as the interrupt bit is cleared. 





Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 
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$005 











1/0, A/D, SPI, 
TIMERS, RAM 
; (128 BYTES) 
127 
128 
PAGE 0 ROM 
(128 BYTES) 
255 


256 





NOT USED 
(2240 BYTES) 


2495 
2496 


MAIN ROM 
(1344 BYTES) 








3839 
3840 




















SELF-CHECK 
nM $012 
ee (248 BYTES) . 
NOT USED 
1 TIMERS (A. B), (46 BYTES) 
fe aks $03F , ADDR 
= tr en 
e $040 STANDBY RAM** | $040 
gS EXTERNAL INT 1 | Rees ea 
zs sail USER RAM $050 
= pp _ ISHARED STACK RAM| $061 
1 “| SFFE ee (31 BYTES) $07F 
RESET 
4095 SEFF 


*Registers are write only and read as $FF. 
“**Mask option 


Figure 5. Memory Map 


Zero (2) MR7 | MR6 | MR5 | MR4 | MR3 | MR2 [mat | ro | 


When set, this bit indicates that the result of the last RESET: 
arithmetic, logical, or data manipulation was zero. 0 1 0 1 0 0 


MR7 — INT2 Interrupt Request Bit 
lf not masked by MR6, it. causes an interrupt to the 











Carry/Borrow (C) 








When set, this bit indicates that a carry or borrow out MCU, and if the | bit in the CCR is clear, the MCU will 
of the arithmetic logical unit. (ALU) occurred during the acknowledge the interrupt. 
last arithmetic operation. This bit is also affected during 1=Interrupt requested 
bit test and branch. instructions, and during shifts and 0=Interrupt not requested 
rotates. - MR6 — INT2 Interrupt Request Mask 

a 1=Inhibits INT2 interrupt request 

MISCELLANEOUS REGISTERS (MR) $0A 0=Does not inhibit INT2 interrupt request 

This register contains contro! and status information MR5 — Auxiliary Counter Status/Preset Bit 
related to INT2, auxiliary counter, prescalers 1 and 2, and If not masked by MR4, it will drive a switch to Vss on 





timer overflow. — — ie _ the RESET pin causing the MCU to reset. This bit may 





MOTOROLA MICROPROCESSOR DATA 
3-478 


MC6805S2 


be used as an auxiliary counter preset bit. If MR5 is 
clear, a write of logic one will preset the auxiliary 
counter, and if set, a write of logic zero will preset the 
auxiliary counter. 
1=Auxiliary counter overflow 
0=Auxiliary counter clear 
MR4 — Watchdog Control Bit 
This bit cannot be set via software. The watchdog timer 
can only be disabled by reset. 
1=Watchdog timer disabled 
0=Watchdog timer enabled 
MR3 — Prescaler 1 Clear Bit 
Presets the contents of prescaler 1 to $7F 
1=Prescaler 1 preset- 
0=Prescaler 1 not preset 
MR2 — Prescaler 2 Clear Bit 
Presets the contents of prescaler 2 to $7FFF 
1=Prescaler 2 preset 
0=Prescaler 2 not preset 
MR1 — Prescaler Cross-Couple Bit 
This bit controls the output of prescalers 1 and 2 and 
directs them to either timer A or B clock inputs. 
1=Prescaler 1 feeds timer B clock input, and pres- 
caler 2 feeds timer A input 
0=Prescaler 1 output is used as clock input for timer 
A, and prescaler 2 output is used as clock input 
for timer:B : 


MRO — Port B Toggle Cross-Couple Bit 
This bit controls the overflow pulses of timers A and 
B and directs them to either port BO or B1. 
1=Timer A overflow output is directed to port BO, 
and timer B output is directed to port B1 
0= Overflow output pulse of timer A is used as a port 
B1 data register toggle clock source, and timer B 
overflow output pulse is directed to port BO toggle 
clock input 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 6 and then monitoring the output of port 
C (bit 0) for an oscillation of approximately 7 Hz. The self- 
check program exercises the CPU, I/O, RAM, ROM, timers, 
interrupts, analog-to-digital (A/D) converter, and the aux- 
iliary counter. 

The RAM, ROM,’and 4-channel A/D test can be called 
by a user program. The timer test may be called if the 
timer input is the internal clock. 


RESETS 


The MCU can be reset four ways: (1) by initial power- 
up; (2) by the external reset input (RESET); (3) by a forced 





© Vec 
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g6 5 9 2 W214 
SN74LS197 


R1=6 kQ 
R2=3 kd 
R3 = 200 (2 
R4 = 390 0 
Cl = 22 pF 
C2=1 pF 
C3=0.1 wF 


*RC Oscillator Option Shown. If Q0-Q2 LEDs Blinking = Device Passes Test 


’ Q3 Blinking = Watchdog Reset Problem 


Figure 6. Self-Check Connections 
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3-10 kQ 


INTERNAL 
~ RESET 


LOW-VOLTAGE 
INHIBIT 
CIRCUIT 


MISCELLANEOUS REGISTER 


STRONG 
DISCHARGE 
DEVICE 
















220 kQ2 


TYP. RESET 






1 pF TYP.** 


a 





**OPTION-100 ms DELAY 
TYPICAL DURING POWER UP 


Figure 7. Reset Circuit 


reset generated by the “watchdog” counter; and (4) by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. Figure 7 shows the MCU reset circuit. 





POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of taHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 8) typically provides sufficient 
delay. ‘ 








Figure 8. Power-Up Reset Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


FORCED RESET 


If the auxiliary counter reset mask bit in the miscella- 
neous counter (MR4) is cleared and the auxiliary counter 





status bit (MR5) is set as a result of counter overflow, a 
switch to Vss is turned on pulling the RESET pin low. A 
consequent voltage drop below ViRES— on RESET causes 
a reset, which in turn sets MR4. Switching to Vss when 
the RESET pin is turned off allows voltage to rise above 
VIRES+, after which the reset is released. RESET pin 
voltage variation occurring as a result of forced reset may 
be amplified externally in order to provide a reset to other 














‘peripheral circuits in the system. The reset output from 


the MCU is not TTL compatible. 


LOW-VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (V_\y}). The only requirement is that the Vcc 


~ must remain at or below the V_y| threshold for one teyc 


minimum. 

in typical applications, the Vcc.bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLyR) at 
which time a norma! power-on reset occurs. 





INTERRUPTS — 


The MCU can be interrupted seven different ways: 
through the external interrupt INT1 input pin, with the 
internal timer (either A or B) interrupt request, using the 
software interrupt instruction (SWI), SPI interrupt re- 
quest, external port D bit 6 (INT2) input pin, or at reset. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
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additional interrupts. The RT! instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 9. 


6 5 4 3 2 1 
CONDITION 


Pian] CODE REGISTER 
ACCUMULATOR 

: INDEX REGISTER 

PUSH 


*For subroutine calls, only PCH and PCL are stacked. é 


0 PULL 













n+] 
n+2 
n+3 
n+4 


n+5 


Figure 9. Interrupt Stacking Order 


1p AUIN CCR) 
O7F » SP 
409 SPICR 
FFFF » TIMER B 
7FFF @ PRESCALER 2 
FO» DCRB 
50» TBCR 
FC = DDRC 
0 »:DDRA 
CLR INT LOGIC 
FF» TIMER A 
7F » PRESCALER 1 
50» TACR 
50 » MR 
07» ACSR 


PUT FFE ON 
ADDRESS BUS 











FETCH - 
INSTRUCTION 


RESET 
PIN = LOW 
RESET 
PIN = HIGH 
LOAD PC 
FROM 


FFE/FFF 





EXECUTE ALL 
INSTRUCTION 
CYCLES 


-TBCR7-TBCRO 
(TIMER B) 


TACR7*TACR6 
(TIMER A) 


*MR7*MR6" +” + 


(INT2) 


Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con- 
sidered pending until the current instruction is compléte. 


NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. | 


When the current instruction.is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 10 for the reset and interrupt 
instruction processing sequence. 

















CLEAR 
INTI 
REQUEST 
LATCH 


TIMER A, 8, (CCR) 
INT2, SPI : 
LOAD PC FROM 
SWI: FFC/FFC 
INT: FFA/FFB 

TIMER A, TIMER B, 
"SPI OR INT2: 
-FEBIFFS 






PC-PC+1 


+ 


SPICR7:SPICR6. 
(SPI) 


Figure 10. Reset and interrupt Processing Flowchart 
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TIMER INTERRUPT 


Each interrupt, except INT1, has a separate mask bit 
which must also be cleared, in’ addition to the | bit, for 
the MCU to acknowledge the interrupt. The INT2, timer 
A, timer B, and SPI interrupts each have their own in- 
dependent mask bits contained in MR6, TACR6, TBCR6, 
and SPICR6. The interrupt routine must determine the 
source ofthe interrupt by examining the interrupt request 
bits, TACR7, TBCR7, MR7, and SPICR7. These bits must 
be cleared by software. The INT1 interrupt has its own 
vector address. Therefore, the INT1 interrupt request is 
cleared automatically, ane ‘then the INT1 vector is serv- 
iced. ; 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT1 and INT2. Clear- 
ing the | bit enables the external interrupt. The INT2 in- 
terrupt has an interrupt request bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous register (MR).: The INT2 in- 
terrupt is inhibited when the mask bit is set. The INT2 is 
always read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to proc- 
ess an interrupt when the condition code | bit is clear. 
The following paragraphs describe two typical external 
interrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (fjyq71 maximum) can be used 
to generate an external interrupt (see Figure 11a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power contro! devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital- Signal Interrupt 


With this type of circuit (Figure 11b), the INT? pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled tw L, twH. 
Refer to TIMER for additional information. 








AC (CURRENT 
(fiyTMAX.) LIMITING) 
R<1 MO 
AC INPUT 


10 Vacp-p 


(A) ZERO-CROSSING. INTERRUPT 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMERS 


The MCU has three timers and two programmable 
prescalers. The timers are identified as timer A, B, and 
the auxiliary counter. Refer to Figure 12 for timers A and 
B block diagram. The following paragraphs described the 
different timers. 


TIMER A 


Timer A is an 8-bit programmable counter, which can 
be loaded under program control. Timer.A also includes 
a modulus latch which allows the timer to be ‘‘auto-re- 
loaded.” As clock inputs are received, timer A decrements 
toward $00. When $00 is reached, bit 7 in the timer A 
control register is set and the timer is reloaded with the 
contents of the modulus latch. An overflow condition is 
also generated when value $00 is. reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TACR6 or the | bit in the condition control register 
will prevent timer interrupts from being processed. The 


_ timer interrupt:request bit MUST be cleared by software. 


There are three ways of loading data from the modulus 


-latch into timer A as described in the following paragrahs. 


Direct Loading 
When the MCU writes to timer A data register, the data 


is latched by the modulus latch, and forced into the timer. 
This operation requires that TACR3 be cleared. 


Asynchronous External Event Loading 


When TACR3 is a logic one, the contents of the mod- 
ulus latch are transferred to the timer at the rising edge 
of INT2 interrupt request bit (MR7) gated with interrupt 
request mask bit (MR6). If this loading is used, care must 


TTL 
LEVEL 
‘| - DIGITAL 
INPUT 





(B) DIGITAL-SIGNAL INTERRUPT 


Figure 11. Typical Interrupt Circuits (INT1). 
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‘Figure 12. Timers A and B Block Diagram 


be taken in programming as it will start an interrupt serv- 
ice routine if the | bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 


Auto-Loading 


The modulus latch is automatically loaded when the 
timer reaches $00. This loading is dependent on the set- 
ting of TACR3. Auto-loading also occurs in both the pre- 
vious loading modes. Timer A can be read at any time 
without affecting the countdown of the timer. The timer 
and modulus latch are set to $FF on reset. 


NOTE 
Loading $01 to timer A should be avoided when 
operating with a divide-by-one prescaler. Doing so 
will inhibit timer A auto-loading, interrupt genera- 
tion, ahd port B toggle mechanisms. 


MOTOROLA MIC 


TIMER A CONTROL REGISTER $09 


er ae 4 3 2 4 0 


RESET: 


0 1 0 0 0 0 0 0 
TACR7 — Timer A Interrupt Request Flag 
1=Timer A has transition to $00 
0= Software or reset cleared 
TACR6 — Timer A Interrupt Request Mask 
1=Interrupt request inhibited 
0 = Interrupt ‘request not inhibited 
TACR5 — External or Internal Bit 
1 =External clock source for prescaler 1 
0=!nterna! clock source for prescaler 1 
TACR4 — External Enable Bit 
Controj bit used to enable the external timer pin 


(PRESCALER1/PCO). 
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TACRS5 | TACR4 Prescater 1 Clock Source 
Internal Clock 


AND of Internal Clock and PRESCALER1/ 
PCo* 





Inputs Disabled 


PRESCALER1/PCO* Low-to-High Transi- 
tion 





a 


*The status of PRESCALER1/PCO depends upon the data direc- 
tion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out- 
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER1/PCO. 


TACR3 — Timer A Load Mode Control —- 
1=Asynchronous external event loading (INT2 driven 
loading is enabled) 
0=Allows direct loading of timer A 
TACR2, TACR1, TACRO — Prescaler 1 Division Ratio Con- 
trol Bits 
' When set, these bits select one of eight possible out- 
puts on prescaler 1. 


1 
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TIMER B 


This is a 16-bit timer which is accessed via two registers 
($0B for the most-significant byte (MSB) and $0C for the 
least-significant byte (LSB)). The MSB has a “pipeline” 
latch that allows a “snap shot” value of the entire 16 bits 
to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same.time.the pipeline 
contents are forced into the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write operation. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TBCR6 or the | bit inthe condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit MUST be cleared by software. 


TIMER B CONTROL AND STATUS REGISTER $0D 


7 


6 5 4 3 2 1 0 


RESET: 
0 1 0 0 0 0 0 0 


TBCR7 — Timer B Interrupt Request Flag 
1=Timer B has transition to $00 
0 = Software or reset cleared 
TBCR6 — Timer B Interrupt Request Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TBCR5 — External or Internal Bit 
1=External clock source for prescaler 2 
0=Internal clock source for prescaler 2 
TBCR4 — External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER2/PC1). 








eae aes) Prescaler 2 Clock Source 
| 0 | Internal Clock 


AND of Internal Clock and PRESCALER2/ 
ace 


| 0 | inputs Disabled 


PRESCALER2/PC1* Low-to-High Transi- 
tion 









*The status of PRESCALER2/PC1 depends upon the data direc- 
tion status of PRESCALER2/PC1. If PRESCALER2/PC1 is an out- 
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER2/PC1. 


TBCR3, TBCR2, TBCR1, TBCRO — Prescaler 2 Division 


- Ratio Control Bits 


When set, these bits select one of eight possible output 


on prescaler 2. 
TBCR3 TBCR2 TBCR1 TBCRO Divide - 












aa 
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| 512 


16384 
32768 . 
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PRESCALER 1 


Prescaler 1 is a 7-bit binary down counter; its value is 
selected by TACR2, TACR1, and TACRO. The selected out- 
put is used as the clock input to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1)}. The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 


PRESCALER 2 


Prescaler 2 is a 15-bit down counter; its value is se- 
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se- 
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross- 
couple bit (MR1). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 
to $7FFF at reset or under program control when a one 
is written to prescaler 2 clear bit (MR2). 


AUXILIARY COUNTER 


This register is a fixed counter which is clocked by the 
internal clock (fgg¢ divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count- 
down may be aborted at any time under program control, 
which also resets the counter to 4095 and clears MR5. 
When MR4 is clear and MR8 is set as a result of counter 
time out, the reset pin is internally pulled to ground. If 
the MCU loses control of the program, the “watchdog” 
timer will bring the MCU back to reset. Refer to Figure 
13 for counter operation diagram. 


SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SPI communicates with the 
MCU via data and control registers. The SPI data and 
clock inputs are always taken from their respective I/O 
ports, regardless of the status of the data direction reg- 
isters relative to that port. The SPI can operate in modes 
from auto clocked (NRZ), half duplex, and full duplex with 
from a one wire to a four wire combination. Refer to 
Figure 14 for the SPI block diagram. 


SPI CONTROL AND STATUS REGISTER 


This 8-bit register contains the status and control bits 
relative to SPI operations. The SPI control register op- 
eration is shown in Figure 15. The SPI control and status 
register bits can be set or cleared under program control. 


7 6 5 4 3 2 1 0 


RESET: 
0 1 0 0 0 0 0 0 


SPICR7 — SPI Interrupt Request Bit 
Set on eighth data input strobe. MCU services this in- 
terrupt if | bit is clear in CCR. 
1=Interrupt request (if SPICR6 not masked) 
0=No interrupt pending 


SPICR6 — SPI Interrupt Request Mask Bit 
1=Disables interrupt request from SPICR7 
0=Enables interrupt request from SPICR7 
SPICR5 — SPI Clock Sense Bit/Bus-Busy Flag 
Dual-function bit controlled by the status of SPICR4 
1=Start SPI operation when SPICR4=1. input data 
latched on positive edge and output data changed 
on negative edge of SPI clock when SPICR4=0. 
0=Stop SPI operation when SPICR4=1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4 = 0. 
SPICR4 — SPI Operation Enable Bit 
This bit determines the functions of SPICR5 and SPICR2. 
1=Enables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
0=Disables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
SPICR3 — SPI Data Output Select Bit 
1=Output of the SPI data register is loaded to port 
B3 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 
0= Output of the SPI data register is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode , 
SPICR2 — Port B1 Toggle Enable/Start Bit 
Dual-function bit controlled by the status of SPICR4 
1= Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4=1. Start bit set 
under program control to enable port B1 data reg- 
ister toggle facility when SPICR4=0. 
0=Stop SPI operation when SPICR4=1. Cleared un- 
der program control when SPICR4=0. 
SPICR1 — Mode Fault Flag 
1=(a) Mode flag is set when SPI.data output arbi- 
tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DDR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to the clock slave mode, 
and port B1 DDR is cleared. 

(c) Mode flag is set during the idle mode when a 
negative clock edge is detected on the SPI clock 
input, and the port B1 data register is cleared. 

0=Cleared under program control 
SPICRO — SPi Input Data Select Bit 
= SPI data from port B3 is latched into the SPI data 
register 
0=SPI data from port B2 is routed to the input of the 
SPI] data register 


SPI DATA REGISTER 


This register can be written to any time and can also 
be read, regardless of serial operations, without disturb- 
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
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Figure 13. Auxiliary Counter Operation 
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Figure 14. Serial Peripheral Interface Block Diagram 
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Figure 15. SPI Control Register Operation 


are generated internally only during the active transac- 
tion time. 


SPI DIVIDE-BY- EIGHT COUNTER 


The counter is:cleared during SPI deselect or idle modes. | 


A count occurs at every data input strobe during the ac- 
tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and blocks all data input and 
output strobes. The counter is cleared when PBO is high 
if the SPI is in the slave mode or when a start condition 
is detected. 


SPI OPERATION 


The SPI can operate in a variety of modes. Software . 


assisted protocols may be defined to upgrade the hard- 
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are'sum- 
marized in Table 1 and in the following paragraphs. 

1) SPI data input and output may be individually routed 
to or from PB2 or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well as 
allowing bidirectional information to flow in daisy- 
chained systems. 

When data input and output is done on PB2, PB3 
is available for any other use. and vice versa. 
Data input is always relative to the port pin logic 
level regardless of the data direction register status 
on-that. pin. 


2 


~— 


3 


~— 


4 


— 


be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 


In-full duplex operation, 16 bits of information may 
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6 
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8 
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= 


~— 


— 


~— 
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and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transmitted replaces the byte received. SPICR7 is 
used to signify that the I/O operation is complete. 
SPI clock is always provided on port B1. In the clock 
slave mode, port B71 DDR is in the input mode 
(cleared). In the clock master mode, port B1 DDR 
is set; therefore, the MCU imposes the clock level 
on PB? until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 

No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaler clock 
source option, prescaler divide ratio, and timer di- 
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
B1 data register is automatically allowed during 
the active transmission mode. 

All devices connected to the SPI must have their 
output and input data strobe on the same clock 
edge for correct transfer of data. 

During the active transmission mode, the first clock 
edge must be the output data strobe. When this 
occurs, the MSBs of the data registers of all trans- 
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
B2 or B3 data register. 

Port B data direction.registers and port. B data con- 
trol registers are accessible during SP! operation. 
During active transaction mode, the PB1 data reg- 
ister, PB2 data register (if SPICR3=0), and PB3 (if 
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SPICR3 = 1) are not write accessible under program 10) Port B lines not used for SPI can be used for other 
control. digital functions. 


Table 1. Summary of SPI Operations 





DEFINITIONS 
Transmitter — Data Master: DDRB2 or 3=1 
Receiver — Data Slave: DDRB2 or 3=0 
Clock Master: DDRB1=1 
Clock Slave: DDRB1=0 
Transaction Mode: SPICR4=1 








1) Active: SPICR7e(DDRBOePBO + DDRBO) if DDRB1=0 (clock slave mode) or 
SPICR7e(DDRBOePBO + DDRBO) if DDRB1=1 (clock master mode) 
Clock Pulses allowed, data shifted 
2) Idle: SPICR7 + DDRBOePBO if DDRB1 =0 (clock slave mode) 
Clock pulses blocked, data output line in high-impedance state 
Deselect Mode: SPICR4=0 — No SPI Operations 


SLAVE SELECT INPUT 
Slave Select Input: SPISS - PBO 
f DDRBO=0 then so SPISS action on MCU 
1) Master Mode: SPISS=1 DDRB1=1 
SPISS 1 - 0: Switch to Slave Mode (DDRB1 1 - 0) 
Set SPICR1 pala Fault Flag) 
2) Slave Mode: SPISS=0 DDRB1= 
External clock is allowed to fe data in/out. If SPISS is pulled high, the external clock. input pulses 
are inhibited; no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high- 
impedance state. . ; 
Used as Chip-Select !nput 


DATA ARBITRATION | 
Data master loses data mastership when data collision occurs during internal data strobe time. 











lf SPID output port (PB2 or PB3)= = 1 while actual pin level i is pulled low externally — conflict detected at internal 
data. strobe time. 


Then SPICR1 (mode fault flag) is set; SPID output port:DDR (B2 or B3) 1» 0 (high-impedance state). 


CLOCK ARBITRATION  ° 
~ MCU has clock mastership (DDRB1 = 1) : ; : 
1) Via SPISS line (DDRBO= 0). If SPISS is pulled low, then clock mastership lost; DDRB1 1 » 0 (high-imped- 
ance state); SPICR1 is set (mode fault flag). 
2) Via clock line. SPICL (DDRB1 = 1 and DCRB5=0) 
Condition: SPICL must have open-drain output (DCRB5=0) 


If clock line is held low externally then clock mastership is not lost; minimum tcLH and 
_ -tCLK times are guaranteed. 


If SPICL goes low during idle mode then SPICR' =1 and clock line is switched low to 
inhibit the system clock. 


MODE FAULT FLAGE OPERATION (SPICR1) 
Flag set when any of the following conditions occur: 
Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master. to slave switching. 
Clock arbitration via clock line if SPICL 1 0 during idle. 


START, STOP, AND CLOCK IDLE CONDITIONS : 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be 
changed is defined as the SPI clock idle state. 
SPICR5=0:. SPICL Idle =Low State 
SPICR5=1: SPICL Idie=High State 


These definitions are necessary for determining start and stop conditions. 


: NOTE 
Clock idle state can only be defined if SPICR4=0 (Deselect Mode) 


Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state. 


Stop Condition: Any positive transition of the data input line during an SPICL idle state. 
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Table 2. Port B Status oC SPI Operation 





Port 
Name 


Input 






PB2 
PB2 
PB2 


PB3 
PB3 
PB3 


SPID 
SPID 
Data 


SPID 
SPID 
Data 


No. 
Yes 









Yes 


SELECT INPUT OPERATION 


An external device supplies slave select information 
via port BO. If slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI. 


Master Mode Slave Select Actions 


The MCU monitors slave select input in master mode 
to assure that it stays false. If slave select goes true, the 
MCU exits master mode and becomes a slave. This im- 
plies that a write collision has occurred which means two 
devices attempted to become masters. Write collisions 
normally result from a software error, and the default 
master must clean up. the system. The mode fault flag is 
set to signal that clock mastership is lost. Slave select 
actions can take place during either active or idle trans- 
action modes. 


Slave Select input Actions During Slave Mode 


The current clock master generates slave select to en- 
able one of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a daisy.chain can be used. for 
multiple slaves. When SS is high, the following occur: 

© Serial data output is forced to a high-impedance state 

without affecting the DDR status. 

® Serial clock input pulses are inhibited from gener- 

ating internal data output and input strobe pulses. 

@ The eight-bit counter is cleared. 


SPI OPERATING MODES 


Six methods of operating the SP! are discussed in the 
following paragraphs. 


One-Wire Autoclocked Mode 


Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 
device being its own clock master. 


Two-Wire Half-Duplex Mode 


in this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 





PBO SPISS Yes oe 
PBO Data No Yes 
PBI SPICL Yes No Clock slave 
PB1 SPICL No Yes Clock master 

Yes a 


Used as slave select input 
Used as “busy” signal or any digital 
output 







SP! data input SPICRO=0 
SPI data output SPICR3=0 
Any digital signal SPICR3=1 


SPI data input SPICRO=1 
SPI data output SPICR3=1 
Any digital signal SPICR3=0 















be monitored via protocol included in the data patterns. 
A transmitter can send ali zeros.to take all other trans- 
mitters off the bus. 


Three-Wire Half-Duplex Mode with Slave Select Input 


This mode is the same as the half-dupiex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans- 
mission and pulls it low to indicate that the system is 
busy. This allows the clock master to retain mastership 
until the end of transmission. Software protocol can be 
arranged so that slaves do not request mastership until 
their slave select lines go high. At the end of a transmis- 
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave requesting 
clock mastership pulls the SPISS line low, removing the 








- current master from the line. Time multiplexed protocols 
- may be required to avoid simultaneous mastership re- 


quests. 


Three-Wire Full-Duplex Mode 


-. This mode allows the MCU to operate simultaneously 
as transmitter and receiver. Bus or daisy-chain networks 
are feasible. Protocols in the data stream are required to 
change: 

@ Clock masters 

@ The number of transmitters in the system 

@ The direction of data flow in daisy-chained systems 

with collision 

It is possible for the MCU to shift out one byte of data 
while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 


Three-Wire Full-Duplex Mode with Clock Arbitration 
This mode is a mix of the three-wire full-duplex mode 


‘and two-wire half-duplex mode with clock arbitration, 


where the SPI clock line operates as a wire-or. Simulta- 
neous masters are allowed, and clock arbitration is via 
the clock line. 
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SLAVE SELECT 
CLOCK 
DATA 


EXAMPLE: INFORMATION FLOW 





B2=SPID IN 
—> B3=SPIC OUT 


B2=SPID OUT” 
<— 4 83-=sPID IN 


Figure 16. Daisy Chain/Cascade Organization 


Four-Wire Full-Duplex Mode with Slave-Select Input 


This mode is similar to the three-wire full-duplex mode 
in network construction and to the three-wire half-duplex 
mode with slave-select input in clock arbitration and slave 
selection. Refer to Figure 17. 


ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 18. Four external analog inputs can be connected 
to the A/D through a multiplexer via port D. Four internal 






a | wn 
z= SF 3 
a a 
7 ? & 


Figure 17. SPI Operation Bus Organization 


analog channels (VRH—-VRL, VRH—VRL/2, VRH - VRL/4, 
and Vpi) may be selected for calibration. The accuracy. 
of these internal channels may not meet the accuracy 
specifications of the external channels. ; 

A fifth external analog input (AN4) is. available via the 
mask option. When selected, it replaces the VRH internal 
channel. Due to signal routing, the accuracy of this fifth 
channel may be slightly less than ANO-AN3. 

Multiplexer selection is controlled by the A/D control. 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown.in Figure 18. The. 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the A/D result 


SPID:PB2/3 
HALF DUPLEX { SPICL: PBI 
*HALF DUPLEX SPID:PD2/3 
WITH CLOCK ARBITRATION } SPICL:PB1 
SPID:PB2/3 
“HALF DUPLEX SpiCi-FEl 
Vec WITH SLAVE SELECT SPISS:PBO 
SPID iN:PB2/3 
*FULL DUPLEX SPID OUT:PB3/2 
“SPICL:PB1 
SPID IN:PB2/3 
*FULL DUPLEX SPID OUT:PB3/2 
WITH SLAVE SELECT SPICL:PB1 
SPISS:PBO 
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‘Table 3. A/D Input MUX Selection 


| AcR2 | ACRT 


0 0 








- =|} 3 Ododcno 


*Internal (calibration) levels 
**AN4 may replace the Vey calibration channel if selected via mask 
option. 


register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam- 
pled for five machine cycles. 

The converter uses VRH and VR, as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VR_, but 
greater than VSs, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to Vr, for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vcc, (2) VR_ should be equal to or greater than Vsg 


but less than maximum specifications, and (3) VRH — VRL 


should be equal to or greater than 4 volts. 
The A/D has a built-in 1/2 LSB offset intended to reduce 


the magnitude of the quantizing error to + 1/2 LSB, rather 






D/A 
15 k (TYP.) 


PD5/VeH 
PD4/VaL 


PDO/ANO 
PDI/ANI 
PD2/AN2 
PD3/AN3 


INT2/PD6/AN4 









SELECT 
MULTIPLEXER ~ 









A/D 
CONTROL 
REGISTER 


7 
L med 
o 
3 


($00E) 





Input Selected 










LOGIC 
tiated 
| | 


EES BR RG 


V2 181 8 









atin Typ | Man 








FE** | FF** 
00 | 00 
3F | 40 
7F | 80 








than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VR. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRu, ideally. 


INSTRUCTION SET 


The MCU has a set of 61 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 


ee ; 






0 
A/D 
ae aed le aie 
REGISTER 


($00F) 


Figure 18. A/D Block Diagram 
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jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


LD 
Load X from Memory L 
Store A in Memory STA 
Store X in Memory x 
Add Memory to A 


Load A from Memory 


wn 
4 Oo 
cel 


pe 
=] 
iw} 











ADC 
Subtract Memory from A with Borrow SBC 
AND Memory to A AND 

ORA 
Exclusive OR Memory with A - EOR 
Arithmetic Compare A with Memory CMP 
Arithmetic Compare X with Memory CPX 

| Bit Test Memory with A (Logical Compare) BIT 
Jump Unconditional JMP 
Jump to Subroutine JSR 








BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 






















































Branch to Subroutine 


BSR j 





READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or.a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 


Function | Mnemonic | 

Branch Always 
Branch Never } BRN | 
Branch IFF Higher BHI . 
Branch IFF Lower or Same 
Branch IFF Carry Clear BCC 
(Branch IFF Higher or Same) 

L Branch IFF Carry Set BCS 

| (Branch IFF Lower) (BLO) 
Branch IFF Not Equal BNE 

| Branch IFF Equal | BeEQ | 
Branch IFF Half Carry Clear BHCC 
Branch IFF Half Carry Set BHCS 
Branch IFF Plus 

[ Branch IFF Minus 
Branch IFF Interrupt Mask Bit is Clear : 
Branch IFF Interrupt Line is Low 
Branch IFF Interrupt Line is High 


read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


| Function | Mnemonic | 




















BIT MANIPULATION INSTRUCTIONS. 


The. MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows: the soft- 
ware to.test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 


| Function | Mnemonic 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation. during pro-' 
gram execution. Refer to the following list for control 
instructions. 






















| Function | Mnemonic | 
RTI 


Reset Stack Pointer : RSP 


No-Operation 7 NOP 


OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 
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BRSETO BseTO_ | BRA eg | N NEG w [NS RTI |” sua. | suB “SUB 
R 1 | 1 | . _OIR XT 
F 6 4 5 
“BRSET! BSET! BHI 
ine JR 
‘BRSET2 " BSET2 BCC 
4 


ibe " acin2 * acs, 


iF 
> 

”n 

Cc 

a 

5 

n 

Cc 

@o 

5 





4 4 ~ TT 
COMA COMX 
INH | 1 ! 


7 ate 
COM COM SWI CPX 
NH | 2 x1] IX [4 IN 42 IMM. 
7 6 j2 
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4 4 
LSRA LSRX 


INH [1 INH] 2 Xi dy ix 


A 











 BRSETS 


” BSET3 





BNE 
R 
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ee 



































‘BRCLAS "acing 
INH | 1 NH 20 IXi | 1 ix | +! INH 
4 or 7 v6 2 
BASETS | BSET4 LSLA LSLX LSL LSL CLC EOR 
1 INH (xX 1 x 
7 T6 x aro - 
‘BRCLRA “actr * BCS ROLA ROLX ROL ROL SEC ADC 
INH i INH Z 1X1 { 1 IX 1 3 INH 4 MM 
BRSETS "'BSETS as DECA Ls DECX 3 DEC DEC CLI On 
INH INH 1x1 1 1x 7 INH. 2. 
a | ae 
BRCLRS, “BLAS | [ SEI ADD 
L i INH | 2 IMM 
6 4 4 7 6 2 
BASETS BSET6 ae, : INC | | INCA INCX “|; INC i INC : RSP 
Ls ie] 1 INH 1 INH | 2 1X1 1 xX 1 INH 
6 4 | 4 7 1? ~ 16 i 2 8 
'BRCLRE " BCLAB aa TST TSTA TSTX TST TST NOP BSR 
DIR 1 INH. 1 INH ] 2 rt 1 IX — 4 INH | 2 L 
: | 2. ; © 
'BRSET7 " BSET? se : ip Ty ‘ . | LDX L i 
REL - 2 IMM | - 
5 tz 73 Wea eae] a es 
BRCLRT. /BCLA7 Aas Bike CLR CLRA CLRX CLR CLR TXA STX STX STX STX STX 
2 DIR v INH | 1 INH } 2 xv} Ix . oh) (NH 2 OIR | 3 EXT} 3 1X2} 2 xd [7 IX 
‘Abbreviations for Address Modes LEGEND 
INH Inherent Opcode in Hexadecimal 
IMM Immediate : 
DIR Direct F ; Pree 2 
EXT . Extended Ore yore Opcode in Binary 
REL _——Relative mnemonic 
BSC Bit Set/Clear : : Bytes 
BTB __sBit Test and Branch : ; ; : 
IX Indexed (No Offset) Address Mone 
IX1 Indexed, 1 Byte (8-Bit) Offset ; nere ; 
IX2 Indexed, 2 Byte (16-Bit) Offset . : : ' 7 ; 2 


Table 4. Opcode Map 
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ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations: The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing.is also included. Two-byte direct- 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach all memory. : 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is¥rom —126 to +129 from 

‘the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 


through a table or to hold the address of a frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two- 
byte instruction. : 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are inciuded in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 
MAXIMUM RATINGS . 


Symbol 
Supply Voltage _ | | 


V 
Vin 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voitage higher than max- 

_ imum-rated voltages to this high-impedance 
Circuit. For proper operation, it is recom- 
mended the Vin and Vout be constrained to 
the range Vsg < (Vin or Vout) = Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vsgg or Vcc). 












Input Voltage a PCO in ; 
 Self-Check Mode -0.3 to +15.0 
~ All Other -0.3 to +7.0 


PortA and C Source Current per Pin 
(One at a Time) 
Operating Temperature Range : 
0 to 70 
—40 to +85 
THERMAL CHARACTERISTICS 


MC6805S2P _. 
Storage Temperature Range Tstg —55 to +150 °C 























TA 
MC6805S2CP 
Junction Temperature Ty -f. °C 
Plastic Package 150 
Characteristic 
Thermal Resistance OA 
Plastic (P Suffix) 70 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


For most applications PeorRT<Pijyt and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 


Ty=Tat(Pp* ya) (1) Pport is neglected) is: 
where: Pp=K=+(Ty+273°C) (2) 
TA = Ambient Temperature, °C ‘Solving equations (1) and (2) for K gives: 
OA = Package Thermal Resistance, K=Pp * (Ta + 273°C) + by arPD? (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp = Pint+Pport can be determined from equation (3) by measuring Pp 
Pint  =!cc<Vcc, Watts — Chip Internal Power (at equilibrium) for a known Ty. Using this value of K, 


the values of Pp and Ty can be obtained by solving equa- 


Pport = Port Power Dissipation, : 
: : tions (1) and (2) iteratively for any value of Ta. - 


Watts — User Determined 


Vcc = 4.75 V 






"TEST MMp6150 
POINT OR EQUIV. 13k TEST POINT ae 
30 pF (TOTAL) 
40 pF MM07000 t 
(TOTAL) OR EQUIV. a 


Figure 20. CMOS Equivalent 
Test Low (Port A) 


Figure 19. TTL Equivalent 
Test Load (Port B) 


Voc =4.75 V 









, Von =4.75 V 
TEST MMD6150 | sae 
POINT OR EQuIV. bon | : 
TEST 
; . POINT 
30 pF MMD7000 
(TOTAL) OR EQUIV. 45 30 pF (TOTAL) 


Figure 22. Open-Drain Equivalent 
Test Load (PB1, PB2, and PB3) 


Figure 21. TTL Equivalent 
Test Load (Ports A and C) 
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ELECTRICAL CHARACTERISTICS 
(Vcc= + 5.25 Vde £0.5 Vde, Vgg =0 Vde, Ta=T_ to TH, unless otherwise noted) 


Characteristic = ea [i 
Input High Voltage 


RESET (4.75 < Vcc < 5.75) 
Vcc < 4.75) 
INT (4.75 < Vcc < 5.75) 
(Vcc < 4.75) 
All Other 


Input High Voltage Timer PCO 
Port/Timer Mode 
Self-Check Mode 


_ Input: Low Voltage 
RESET 
iNT 
[ee All Other (Except A/D Inputs) 


RESET Hysteresis Voltages (See RESETS) 
“Out of Reset” 
‘Into Reset”’ 














| Standby Supply Voltage (INT2 Input Option) 
| standby Current (INT2 Input Option) (Vstpy =3.0 V) 








Power Dissipation — No Port Loading 
(Vcc =5.75 V, Ta =0°C) 
[ (Vcc =5.75 V, Ta = — 40°C) 


Input Capacitance (Except Analog Inputs — See Note) 

















Low Voltage Recover 





| Low Voltage Inhibit 








input Current 

iNT 
(Vin =2.4 V to Vcc) 

EXTAL 
(Vin=2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 

RESET 
(Vin =0.8 V) 
(External Charging Current) 


























TBD = To Be Determined 
NOTE: Port D analog inputs, - when selacted, Cjn=25 pF for the first 5 out of 30 cycles. 


*This input (when unused) floats to approximately 2.0 V due to internal biasing. 
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SWITCHING CHARACTERISTICS 
(VCC = +5.25 Vde +0.5 Vde, Vgg =0 Vdc, Ta=T_ to-TH, unless otherwise noted) 


Min Tye | Max | unit 
foe | 04 | — 42 Mie 
RESET Pulse Width tRWL teyc + 250 _— = — | 
tRHL - 100 eee 


INT Zero-Crossing Detection Input Frequency fINT 0.03 = 4 kHz 



















(for +5° Accuracy) 

External Clock Input Duty Cycle (EXTAL) 
Oscillator Startup Time Crystal 
SPICL High Time 
SPICL Low Time 
SPICL Rise and Fal! Time 
SPID Input Data Setup Time 
SPID Input Data Hold Time 
SPICL to SPISS Lag Time 

’ SPISS to SPICL Lead Time 
Start Bit to First Clock Lead Time 


External Timer Input to Timer Change Time 











b 
oOo 
a 
—) 
ro) 
So 
se 

















tSr — — 1 
tsps 
tSDH 
tsstG 
tSSLD 
tSTL 
tPCT 
tTPB 
UNTL 
































CR) 
LL 
tnd 
ao 


| 
| 
| 
o 
iz) 
aQ 











NM }o lo 








Timer Change to Port B Toggle Time 
INT2 to Timer A Load Time 














A/D CONVERTER CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vde, Vgg =0 Vdc, TA=TL to Ty), unless otherwise noted 














[Resolution Ss | ce | Bits | 
| Nontineartye | — | — | sz | LSB After removing zero-offset and full-scale errors | 
Quantizing Error ae eae +1/2 LSB 
Conversion Range ar Vv A/D accuracy may decrease proportionately as 
— Vcc Vv “VRH~ VAL is reduced below 4.0 V: The sum of 
Vss 0.2 VRH and Vat must not exceed Vcc 





| Conversion time | 30] 0] 0 | tye Includes sampling time 
(Inherent within total error) 
|Sampletime | tk | || tye i 
| SampleHold Capacitance, Input] _— | — | 25 | pF 


Analog Input Voltage VRL VRH Transients on any analog lines are not allowed 
at any time during sampling or accuracy may 
be degraded 
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PORT ELECTRICAL CHARACTERISTICS a 
(Vcc= +5.25 Vde +0.5 Vdc, Vgg=0 Vdc, Ta=TL to Ty, unless otherwise noted) 


Characteristic | symbol | Min | tye | Max | Unit 
“Port A with CMOS Drive Enable 
Output Low Voltage, ILoad = 1.6 mA VoL 


“+f 


Output High Voltage, lLoag= — 100 pA VOH 
Output High Voltage, ILoad= — 10 pA VOH Vcc — 1.0 


ed S 
°o b ; 


< 


Input High Voltage, lLoad= — 300 pA (max.) 


< 
i 


Nee 
ae ee ee ee 


< 
n 
” 


Input Low Voltage, !_oad= — 500 pA (max.) 
Hi-Z State Input Current (Vin =2.0 V to Vcc) 
Hi-Z State Input Current (Vjp'=0.4 V) 


= 
= 


L 
Port B 


Output Low Voltage, I_oad=3.2 mA 


° 
4 


< 
Tr 


Output Low Voltage, lL oad = 10 mA (Sink) fe} 


Output High Voltage, ILogg = — 200 pA Oo 


3 
> 


Darlington Current Drive (Source)*, VQ=1.5 V 





Input High Voltage V “Mect+07 Jo. 


x= 


Input Low Voltage af VIL 
- ITSI 
Port C and Port A with CMOS Drive Disabled 


< 
n 
n 
oO 


Oo 
= : elt 


< < 
x 
nN 


N 


Hi-Z State Input Current 





Output Low Voltage, ILoad= 1.8 mA vo | — | — | os | ov | 
Output High Voltage, ILoad=—100 uA erie a es ee ee 
Input High Voltage =: VIH P20 | = | vcctor | ov | 
input Low Voltage 7 | om | vss | = | os Tov | 
HiZ State Input Current ee ee ee ee 


Port D (Digital Inputs Only) © 


Input High Voltage VIH_ Vcc +0.7 


input Low Voltage 


a 
— 
7.) 
7) 


S 
oO 


Input Current** 


:— 


*Not applicable if programmed to open-drain state. 
**PD4VR, — PD5/VRH: 
The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. : 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 

MS-DOS/PC-DOS disk file 

EPROM(s) 2532, 2732, or two each: 2516/2716 - 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. , 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer's pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. in either case, the dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 


be furnished. In addition, the file must be produced (using _ 


the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 


of both data and program space. All unused bytes, in- 


cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


An MC68705S3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer’s program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705S3/2532/2732 


MDOS is a trademark of Motorola inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


‘or two 2516/2716 type EPROM(s), the EPROM(s) must be 


programmed as described in the following paragraph. 

For the 2532 or 2732, the ROM code should be located 
from $080 to $FF and $9CO to $EFF, and the interrupt 
vectors from $FF8 to $FFF. For the 2516s or 2716s, the 
ROM code should be located from $080 to $FF in the first 
EPROM and from $ICO to $6EF in the second EPROM. The 
interrupt vectors should be in the second EPROM from 
$7F8 to $7FF. : 

EPROM MARKING 
















2ND 
2516/2716 
2532/2732 


wo 
5S 
2S 
wm 
N 


a 
a 
S 
S 
anf 
So 
ao 
o 





xxx = CUSTOMER ID 
VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and . 
returned along with a listing verification form. The listing - 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer's mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at five volts and at room temperature. These RVUs are 


_. free with the minimum order quantity but are not pro- 


duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC6805S82. 


Table 5. Generic Information 
Package Type Order Number 


Plastic 0°C to 70°C MC6805S2P 
— 40°C to +85°C MC6805S2CP 


(P Suffix) 










IBM is a registered trademark of International Business Machines. Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENT 


Vss Die NUM* 
PRESCALER1/PCO {] 2 EXTAL 
PRESCALER2/PC1 [] 3 XTAL 

VgTBy/ANA4/INT2/PDE [} 4 INTI 
VrH/PDS Uf 5 Vop 
Vpi/PD4 6 RESET 
AN3/PD3 [] 7 PA7 
AN2/PD2 [] 8 PAG 
AN1/PD1 I 9 PAS 
ANO/PDO PA4 

SPISS/PBO PA3 
SPICUPBI PA2 
SPID/PB2 PAI 
SPID/PB3 PAO 





NOTE: *Denotes Non User Mode (NUM) pin 
reserved for factory use only. 
This pin should be tied to Vssg 
(GND/ground). . _ 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC6805S3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro- 
controllers. This low cost MCU has parallel |/O capability with pins programmable.as either input or 
output. This publication contains condensed information on the MCU; for detailed information, re- 
fer to Advance Information 8-Bit Microcontrollers (ADI997R1) or contact your local Motorola sales 
office. a 
Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 


@ Internal 7-Bit Timer and 15-Bit Programmable Prescaler 
On-chip Oscillator 

Memory Mapped |/O 

Versatile Interrupt Handling 

Bit Manipulation 

Bit Test and Branch Instruction 

Vectored Interrupts 


Self-Check Mode 

3720 Bytes of ROM 

104 Bytes of RAM 

Serial Peripheral Interface (SP!) 
Two 8-Bit and One 16-Bit Timers 


e 
e 
@ 
e 
e 
e@ A/D Converter 





BLOCK DIAGRAM 


PRESCALER1/PCO PRESCALER2/PC1 


XTAL © ier ot TIMER A | PRESCALER 1 PORT C TIMER C | CAPTURE 
EXTAL O 2 TIMER A CONTROL } DOR | “TIMER C CONTROL 
REGISTER REGISTER 


MISCELLANEOUS 
PAO 


. REGISTER 
PAI © 
P 
PAZ O—4 5 AUXILIARY COUNTER 20 
PAZ O—] R ACCUMULATOR PROGRAM —0 Vs5 
T COUNTER 






Siete REGISTER 


RESET © 
pas CONTROL 
INT! © 


LOW A/D CONVERTER 


PROGRAM 
COUNTER | © ANO/PDO 
HIGH © AN1/PAt 
an O AN2/PD2 
ii ts 
a 





v 
a a 
Pe 
Pit yt RNa) 
VSTBY 
RAM 
SELF-CHECK 
a 
Oo O 'e O 


PBO PBI PB2 —-PB3 
SPISS SPICL SPID SPID 


This document contains information on a new product. Specifications and. information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc and Vss 

Power is supplied to the microcontroller using 5 these 
two pins. Vcc is +5. 25 volts (+0.5A) power, and Vss¢ is 
Broun: 


NUM. 


This pin is for factory use only. It should be connected 
to Vss. 


INT1, INT2 
These pins provide the capability for asynchronously 


applying an external interrupt to the MCU. Refer to IN- 
TERRUPTS for more detailed information. 


XTAL, EXTAL 

These pins provide contro! input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on user selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 
With this option, a resistor/capacitor combination is 
connected to the oscillator pins as shown in Figure 1(c). 


The relationship between R and fggc is shown in Figure 
2. : 


XTAL 
26 


EXTAL 
27 





At-CUT PARALLEL RESONANCE 
CRYSTAL 

Cg=7 pF MAX. 

FREQ. = 4.0 MHz C; = 24 pF 

Rs = 40 OHMS MAX. 












EXTERNAL: a 

clock = 

INPUT 27) EXTAL EITHER CRYSTAL 
OR RC MASK 


(TTL COMPATIBLE, 
LOW IMPEDANCE 
SOURCE) 


OPTION 


EXTERNAL CLOCK 






APPROXIMATELY 10% to 25% 
ACCURACY 

EXTERNAL RESISTOR 

(EXCLUDES RESISTOR TOLERANCE) 





80 

eee (nee (Ra FR) ES 
Be 7. 

5 mal a 
ce 

G 50 

3 

= 40 

ec 

2 30 

3 

3 2.0 

Oo 


RESISTANCE {k9)) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only. 


Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input grounded, as shown in Figure 1(d). 


(SEE NOTE) -S5 
21 exraL (CRYSTAL MASK 





CRYSTAL 







XTAL 








MCU 
(RESISTOR MASK EXTAL (RESISTOR MASK 
OPTION) OPTION) 





APPROXIMATELY 25% to 50% 
ACCURACY 


TYPICAL toyc = 1.25 ws 
EXTERNAL JUMPER 


NOTE: The recommended C_ value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 
frequencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends 


on the motional-arm parametes of the crystal used. 


Figure 1. Oscillator Connections 
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This option may be used with either RC or XTAL option 
selected. 


PCO, PC1 


These pins allow an external input to be used to dec- 
rement the internal timer circuit. Refer to TIMERS for 
additional information. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by- pulling RESET low. 


INPUT/OUTPUT LINES (PAO-PA7, PBO-PB3, PCO-PC1, and 
PDO-PD6) 


Ports A, B, and C are programmable as either inputs 
or outputs under software contro! of the data direction 
registers. Port D is a fixed input port and not controlled 
by any data register. Port D has up to four analog inputs 
or five via the mask option, plus two voltage reference 
inputs when the analog-to-digital (A/D) converter is used 


(PD5/VRH, PD4/VR_) and an INT2 input. If the analog input 


is used, then the voltage reference pins (PD5/VRH and 
PD4/VRL) must be used in the analog mode. Refer to 
PROGRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). The port I/O programming is 
accomplished by writing the corresponding bit in the port 


DDR to a logic one for output and a logic zero for input. 









LATCHED 
OUTPUT 


BIT 


INTERNAL 
CONNECTIONS 


Data 


On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DDR bits... 

Port D provides the multiplexed analog inputs, refer- 
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 
digital or analog inputs. The VR, and VRH lines are in- 
ternally connected by the A/D resistor. Analog inputs may 
be prescaled to attain the VR_ and VRH recommended 
input voltage range. : 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR. 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Figure 3 for 
typical port circuitry. 


PORT B TOGGLE CAPABILITY 


‘Port BO and B1 registers have toggle capability at the 
timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO), the overflow pulses from timer A, B, and C are 
directed to port BO and B1 data registers. See Figure 4 
for port B configuration flow chart. , 

An incoming toggle pulse on port BO is allowed to 
toggle the data register if port B DCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming toggle pulse 
on port B1 is allowed to toggle the port B1 data register 





*DDR is a write-only register and reads as all ‘‘ones”. 

**Ports A (with CMOS drive disabled), B, and C are three-state 
ports. Port A has optional internal pullup devices to provide 
CMOS drive capability. See Electrical Characteristics tables 
for complete information. : 










Direction 
Register 
Bit 


Figure 3. Typical Port I/O Circuitry and Register Configuration 





MOTOROLA MICROPROCESSOR DATA 
3-504 © 


S0S-€ 
~W1VG YOSSADONdOXOIIN VIOYOLOW 


PORT B1 **TIMER OVERFLOW 


















Sk 
TOGGLE* OUTPUT OPEN 
ENABLE DRAIN BIT 
Bg DCR B5 
MCU DDR 
BIT 
DDR BI 
OUTPUT PORT B3 
MCU DATA LATCH OPEN DRAIN 
an 7) pp) MCU ENABLE BIT 
OUTPUT 
DDR 
BIT 
J heel DDR B3 y 
a |_ SPI OUTPUT STROBE-SPICR3 
(SPICRS) : A Vee OUTPUT “INPUT 
SPI DATA REGISTER 
clock SYNCHRONIZATION eae ah : ad Bas a 
CLOCK | 
(SPICR1) ARBITRATION: DDR Bi (SPICR3) 


LOGIC - PBO 


PORT BO 
TOGGLE * 


TIMER OVERFLOW = _S-LL 


MCU ENABLE BIT MCU 
~  F DDR B4 es . 
DDR x 














= INPUT 


< ker 
BIT BUFFER s 


“Toggle Enable B1 = (SPICR7*SPICR4(PBO + DDRBO!)*SPICR2-SPICR4)*CLAQ 
**A or B depends on (MRO) 
x Write Only Register 





MCU 


ENABLE BIT 





MCU BIT 
DDR BO : MCU 
1SP] OUTPUT STROBE+SPRI 
QUTPUT } SPI 
MCU DATA LATCH OUTPUT MSB OUTPUT DATA 
BIT fs MCU 
; VO MCU 





(SPICR4) 


OPEN DRAIN a 


(SPICR1) 


DCR B6 


* 
DDR 
BIT 
DDR B2 « 





LATCH BIT 
Ye REGISTER BIT 


Figure 4. Port B Configuration _ 
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LOGIC 





B pin | PB2 
INPUT 
4 BUFFER ; 


*WRITE ONLY REGISTER 


| kis a PBS 


Cin 
= BUFFER 1-10 k 
TYPICAL 


DATA ARBITRATION rep DaTADOR-| 


aL: 


1/0 


€SS0899IN 
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under the following conditions governed by control bits 
in SPI control register and SPI clock arbitration flip-flop 
status. 

PB1 toggle enable = (SPICR7)*SPICR4+ 

(PBO + DDRBO) + SPICR2- 
SPICR4*CLAO 
where: SPICR7=SPI interrupt request bit 
SPICR4=SPI operation enable bit 
SPICR2 = port B1 toggle enable/start bit 
CLAQO =clock arbitration flip-flop output 

When PB1 toggle enable is asserted, the MCU write to 
PB) data register is inhibited. When SPI is not used, SPICR4 
and CLAQ are reset. Therefore, SPICR2 can directly con- 
trol the port B1 toggle capability. Port toggle capability 
allows action on port BO or B1 or both as a result of timer 
overflows. This method speeds up timer overflow to port 
service. A write to port BO or B1 data registers is inhibited 
while the individual port toggle enable is asserted. 

The port B DCR consists of four status bits (DCR4-DCR7) 
and four data direction bits (DCRO-DCR3). DCR4 is a tog- 
gle enable control bit for port BO. When cleared, the timer 
overflow pulse causes the data register on port BO to 
toggle. Port A has an 8-bit and port C has a 2-bit wide 
data direction register. 








MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
5. The locations consist of user ROM, self-check ROM, 
user RAM, eight timer registers, a miscellaneous register, 
two A/D registers, two SPI registers, and I/O. The interrupt 
vectors are located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes ‘and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and. results of arithmetic calcu- 
lations or data manipulations. 


7 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 


may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 
PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 


1 87 0 
| = - PCH PCL 


STACK POINTER (SP) 


The stack pointer is a.12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 4 0 


5 
fofofofofojiji] sr | 


CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. : 


fal itwiz|c | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


interrupt (I) 

_ When this bit is set, the timers (A, B, and C), the external 
(INT1 and INT2) interrupts, and the SPI interrupt are 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and is processed as soon as 
the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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Bytes] 7 6 5 4 3 2 1 [ADDRESS 765 4 3 2 1 [ADDRESS 
0 0 vo 
1/0, A/D, SPI, $001 
Timers, RAM 
128 Port A DDR* $004 
Page 0 ROM PortBDCR* |. $006 
(128 Bytes) Port C ODR* $006 
26 tor 
m0 se 
Timer A Cont. Reg.{ $009 
cnn 
Main ROM Timer B MSB $00B 
(3584 Bytes) 
ee Timer 8 LSB $00C 
Timer B Cont. Reg.| $00D 
A/D Control $O0E 
3839 A/D Result $00F 
Self-Check SPI Data 01D 
Bootstrap SPI Control $011 
ROM 
(248 Bytes) Prog. Cont. Reg. $012 
ws sr 
es} xternal 
=O 
3 $018 $018 
$ om User RAM 
ee RAM (40 Bytes) 
(104 Bytes) 
ae $03F 
4 SO7F 
Standby RAM* * $040 


: (16 Bytes) S04F 


User RAM $050 
(17 Bytes) $060 
: s kram| 
*Registers are write only and read as $FF. sae seals 
**Mask option M $07F 





- Figure 5. Memory Map 





Carry/Borrow (C) 
When set, this bit indicates that a carry or borrow out 


MR7 | MR6 | MRS | MR4 


of the arithmetic logical unit (ALU) occurred during the RESET: 

last arithmetic operation. This bit is also affected during 0 1 0 1 0 0 
bit test and branch instructions, and during shifts and 

rotates. 


MR7 — INT2 Interrupt Request Bit 
lf not masked by MR6, it causes an interrupt to the 


MISCELLANEOUS REGISTERS (MR) $0A MCU, and if the | bit in the CCR is clear, the MCU will 


This register contains control and status information 
related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. - 





acknowledge the interrupt. 
1=Interrupt requested 
0=Interrupt not requested 
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MR6 — INT2 Interrupt Request Mask directs them to either timer A or B clock inputs. 
1=Inhibits INT2 interrupt request _- 1=Prescaler 1 feeds timer B clock input, and pres- 
0=Does not inhibit INT2 interrupt request caler 2 feeds timer A input 

MR5 — Auxiliary Counter Status/Preset Bit 0=Prescaler 1 output is used as clock input for timer 

If not masked by MR4, it will drive a switch toVss on — A, and prescaler 2 output is used as clock input 

the RESET pin causing the MCU to reset. This bit may for timer B 

be used as an auxiliary counter preset bit. If MR5 is MRO — Port B Toggle Cross-Couple Bit 

clear, a write of logic one will preset the auxiliary This bit controls the overflow pulses of timers A and 

counter, and if set, a write of logic zero will preset the B and directs them to either port BO or B1. 

auxiliary counter. ; 1=Timer A overflow output is directed to port BO, 
1= Auxiliary counter overflow and timer B output is directed to port B1 
0=Auxiliary counter clear , 0 = Overflow output pulse of timer A is used as a port 

MR4 — Watchdog Control Bit B1 data register toggle clock source, and timer B 

This bit cannot be set via software. The watchdog timer overflow output pulse is directed to port BO toggle 

can only be disabled by reset. clock input 
1=Watchdog timer disabled 
0= Watchdog timer enabled ji SELF CHECK 

MR3 — Prescaler 1 Clear Bit 

Presets the contents of prescaler 1 to $7F. The self check is initiated by connecting the MCU as 
1=Prescaler 1 preset shown in Figure 6 and then monitoring the output of port 
0=Prescaler 1 not preset C (bit 0) for an oscillation of approximately 7 Hz. The seif- 

MR2 — Prescaler 2 Clear Bit check program exercises the CPU, I/O, RAM, ROM, timers, 

Presets the contents of prescaler 2 to $7FFF. interrupts, analog-to-digital (A/D) converter, and the aux- 
1=Prescaler 2 preset iliary counter. 
O0=Prescaler 2 not preset The RAM, ROM, and 4-channel A/D test can be called 

MRi — Prescaler Cross-Couple Bit by a user program. The timer test may be called if the 


This bit controls the output of prescalers 1 and 2 and timer input is the internal clock. 






oo ~~ Oo wm & W NK ~ 





R1=6 kQ) 
R2=3 kQ 
R3=200 2 
R4=390 0 
C1=22 pF 
C2=1 uF 
C3=0.1 pF 






—~ 
= © 





*RC Oscillator Option Shown. If Q0-02 LEDs Blinking = Device Passes Test 
Q3 Blinking = Watchdog Reset Problem 


Figure 6. Self-Check Connections 
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RESETS 


The MCU can be reset four ways: (1) by initial power- 
up; (2) by the external reset input (RESET); (3) by a forced 
reset generated .by the “watchdog” counter; and (4). by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. Figure 7 shows the MCU reset circuit. 





POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure-8) typically provides sufficient 
delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period Jonger than one machine cycle 








3-10 kD. 


INTERNAL 
RESET 


LOW-VOLTAGE 
~ INHIBIT 
CIRCUIT 


220 kQ 
TYP. 


(teyc). Under this type of reset, the Schmitt trigger switches 
oft at VIRES — to provide an internal reset voltage. 


FORCED RESET 


If the auxiliary counter reset mask bit in the miscella- 
neous counter (MR4) is cleared and the auxiliary counter 
status bit (MR5) is set, as a result of counter overflow, a 
switch to Vsg is turned on pulling the RESET pin low. A 
consequent voltage drop below Vines — on RESET causes 
a reset, which in turn sets MR4. Switching to Vss when 
the RESET pin is.turned off allows voltage to rise above 
ViIRES+, after which the reset is released. RESET pin 
voltage variation occurring as a result of forced reset may 
be amplified externally in order to provide a reset to other 
peripheral circuits in the system. The reset output from 
the MCU is not TTL compatible. 














LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (VLy|). The only requirement is that the Vcc 
must remain at or below the VLyj threshold for one teyc 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
teyc: The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (V_yR) at 
which time a normal power-on reset occurs. ° 











1 FE TYP** 













STRONG 
DISCHARGE 
DEVICE 


**OPTION-100 ms DELAY 
TYPICAL DURING POWER UP 





*MASK OPTION 


MISCELLANEOUS REGISTER 


t 


Figure 7. Reset Circuit 
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- INTERRUPTS 


The MCU can be interrupted_seven different ways: 
through the external interrupt INT1 input pin, with the 
internal timer (either A or B) interrupt request, using the 
software interrupt instruction (SWI), SPI interrupt re- 
quest, external port D bit 6 (INT2) input pin, or at reset. 

Interrupts cause the processor registers to be saved on 


the stack and the interrupt mask (i bit). set to prevent. 


additional:interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 9. 


765 43 21 0 PULL 
CONDITION 
CODE REGISTER 
ACCUMULATOR 
INDEX REGISTER nt+3 


PCH* = jn+4 






nt+1 







n+2 


PUSH 
*For subroutine calls, only PCH and PCL are stacked. 


Figure 9. Interrupt Stacking Order 


Unlike RESET, hardware interrupts do not’ cause the 
current instruction execution to be halted, but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 10 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


Each interrupt, except INT1, has a separate mask bit 
which must also be cleared, in addition to the | bit, for 
the MCU to acknowledge the interrupt. The INT2, timer 
A, timer B, timer C, and SPI interrupts each have their 
own independent mask bits contained in MR6, TACR6, 
TBCR6, TCOM, TCCM, and SPICR6. The interrupt routine 


must determine the source of the interrupt by examining 
the interrupt request bits, TACR7, TBCR7, MR7, TCOF, 
TCCF, and SPICR7. These bits must be cleared by soft- 
ware. The INT1 interrupt has its own vector address. 
Therefore, the. INT1 interrupt request is cleared auto- 
matically, and then the INT1 vector is serviced. 





EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT1 and INT2. Clear- 
ing the | bit: enables the external interrupt. The INT2.in- 
terrupt has an interrupt request bit (bit 7)and a mask bit 
(bit 6) in the miscellaneous register (MR). The INT2 in- 
terrupt is inhibited when the mask bit is set. The INT2 is 
always read as a digital-input on port D. The INT2.and 
timer interrupt request bits, if set, cause the MCU to proc- 
ess an interrupt when:the condition code | bit is clear. 
The following paragraphs describe two typical external 
interrupt circuits. 





Zero-Crossing Interrupt 


A sinusoidal input signal (fjy7t1 maximum) can be used 
to generate an external interrupt (see Figure 11a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 

With this type of circuit (Figure 11b), the INT1 pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled twL, tWH-.- 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 


- execution is similar to the hardware interrupts. 


TIMERS 


The MCU has four timers and two programmable pres- 


" calers. The timers are identified as timer A, B, C, and the 


auxiliary counter. Refer to Figure 12 for timers A, B, and 
C block diagram. The following paragraphs described the 
different timers. : 


TIMER A 


Timer A is an 8-bit programmable counter, which can 
be loaded under program control. Timer A also includes 
a modulus latch which allows the timer to be ‘‘auto-re- 
loaded.” As clock inputs are received, timer A decrements 
toward $00. When $00 is reached, bit 7 in the timer A 
control register is set and the timer is reloaded with the 
contents of the modulus latch. An overflow condition is 
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53» TCCR iNTT PC, X, A, CC 
FF ® TIMER C REQUEST late: 


‘ LATCH 
07» RCSR 


CLR INT LOGIC 












lol 
(CCR) 


LOAD PC FROM 


TIMERS A, B, C, 


y_INT2, CAPTURE, SPI 





PUT FFE ON 












SWI: FFC/FFD 
ADDRESS BUS INT1: FFA/FFB 
TIMERS A, B, C 
FETCH CAPTURE 
SPt OR INT2: 


INSTRUCTION 
: FF8/FF9 


PC- PC+1 


RESET | 
PIN= HIGH 


LOAD PC. - - 


FROM 
FFE/FFF 







EXECUTE. ALL 
INSTRUCTION 
CYCLES 


*MR7-MRG = + > «sTRCRTTRCRS «= + += TBCR7-TBCRE © + += TCOPTCOM = +_~—Ss«STCC*TCOM = *_—SPICR7-SPICRO 
(INT?) “(TIMER A) (TIMER B) (TIMER C) (CAPTURE) (SPI) 


Figure 10. Reset and Interrupt Processing Flowchart 





AC (CURRENT 
(fiNTMAX.) — LIMITING) 
R=1 MQ 


“AC INPUT 
#10 Vacp-p 





{A} ZERO-CROSSING INTERRUPT (B) DIGITAL-SIGNAL INTERRUPT 


Figure 11. Typical Interrupt Circuits (INT1) 
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0 
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PRESCALER 2 
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SELECT TCCLO 


INTERNAL DATA BUS 
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I OVERFLOW A 
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ro wey 
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SELECT MRO PORT 










B1 TOGGLE 
o—o PORT 
SELECT BO TOGGLE 
WRITE TO 
TIMER C 
SELECT Read 
TCCS, TCEG Capture 
co—a FLAG 
CAPTURE INT Lm TO MCU 


CAPTURE TIMER C 


ro cy 


Figure 12. Timers A, B, and C Block Diagram 


also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TACR6 or the | bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit WUST be cleared by software. 
There are three ways of loading data from the modulus 
latch into timer A as described in the following paragrahs. 


Direct Loading 


When the MCU writes to timer A data register, the data - 


is latched by the modulus latch, and forced into the timer. 
This operation requires that TACR3 be cleared. 


Asynchronous External Event Loading 


When TACR3 is a logic one, the contents of the mod- 
ulus latch are transferred to the timer at the rising edge 


of INT2 interrupt request bit (MR7) gated with interrupt 
request mask bit (MR6). If this loading is used, care must 
be taken in programming as it will start an interrupt serv- 
ice routine if the | bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 


Auto-Loading 


The modulus latch is automatically loaded when the © 
timer reaches $00. This loading is dependent on the set- 
ting of TACR3. Auto-loading also occurs in both the pre- 
vious loading modes. Timer A can be read at any time 
without affecting the countdown of the timer. The timer 
and modulus latch are set to $FF on reset. 


NOTE 


Loading $01 to timer A should be avoided when 
operating with a divide-by-one prescaler. Doing so 
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will inhibit timer A auto-loading, interrupt genera- 
tion, and port B toggle mechanisms. 


TIMER A CONTROL REGISTER $09 


7 6 5 4 3 2 1 G.° 


RESET: 
0 1 0 0 0 0 0 0 


TACR7 — Timer A Interrupt Request Flag 
1=Timer A has transition to $00 
0 = Software or reset cleared 
TACR6 — Timer A Interrupt Request Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TACRS5 — External or Internal Bit 
1=External! clock source for prescaler 1 
0=Internal clock source for prescaler 1 
TACR4 — External Enable Bit 
Control! bit used to enable the external timer pin 
(PRESCALER1/PCO). 












Prescaler 1 Clock Source 
Internal Clock 


AND of Internal Clock and 
PRESCALER1/PCO* 


Inputs Disabled 


PRESCALER1/PCO* Low-to-High Tran- 
sition 





— 




















—) 


*The status of PRESCALER1/PCO depends upon the data direc- 
tion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out- 
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. !f an input, 
then the clock source is the logic level of PRESCALER1/PCO. 





TACR3 — Timer A Load Mode Control wots 
1=Asynchronous external event loading (INT2 dri- 
ven loading is enabled) 
0=Allows. direct loading of timer A 
TACR2, TACR1, TACRO — Prescaler 1 Division Ratio Con- 
trol Bits 
When set, these bits select one of eight possible out- 
puts on prescaler 1. 


| Tacro Divide By 


= 0 _| 1 


1 2 




































TIMER B 

This is a 16-bit timer which is accessed via two registers 
($0B for the most-significant byte (MSB) and $0C for the 
least-significant byte .(LSB)). The MSB has a “pipeline” 
latch that allows a “snap shot” value of the entire 16 bits 


to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same time the pipeline 
contents are forced into the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write operation. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TBCR6 or the | bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit WUST be cleared by software. 


TIMER B CONTROL AND STATUS REGISTER $0D 


7 6 5 4 3 2 1 0 
| TBcA? | TBCRS | races | TecR4 | TBCR3 | TecR2 | TBcRI | TBCRO | 


RESET: 
0 1 0 0° 0 0 0 0 








TBCR7 — Timer B Interrupt Request Flag 
1=Timer'B has transition to $00 
0=Software or reset cleared 

TBCR6 — Timer B Interrupt Request Mask 
1 = Interrupt request inhibited 
0=Interrupt request not inhibited 

TBCR5 — External or Internal Bit 
1=External clock source for prescaler 2 
0= Internal clock source for prescaler 2 

TBCR4 — External Enable Bit 

Control bit used to enable the external timer pin 
(PRESCALER2/PC1). 





a 














TBCR5S TBCR4 Prescaler 2 Clock Source 
L— Oo. Ut 0 _| Internal Clock = 
0 1 AND of Internal Clock and 
PRESCALER2/PC1* | 
| | 0 _| Inputs Disabled _| 
1 1 PRESCALER2/PC1* Low-to-High Tran- 
sition 

















*The status of PRESCALER2/PC1 depends upon the data direc- 
tion status of PRESCALER2/PC1. If PRESCALER2/PC1 is an out- 
put, then the clock source is equal to. the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER2/PC1. 


TBCR3, TBCR2, TBCR1, TBCRO — Prescaler 2 Division 
Ratio Control Bits 
When set, these bits select one of eight possible output 
on prescaler 2. 


TBCR3 | TBCR2 | TBCR1 | TBCRO | Divide By 
0 0 0 ie 1 
0 0 0 1 2 
0 0 ee ee 4 | 


— Continued — 
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TBCR3 | TBCR2 | TBCR1 TBCRO Divide By 









































TIMER C 


Timer C is an 8-bit programmable down counter. The 
timer contains a modulus latch which allows the timer to 
be auto reloaded. The timer auto reloads with the con- 
tents of the modulus !atch upon every $01 to $00 tran- 
sition. Timer C contains a. capture register. This read-only 
register and the contents are refreshed by the contents 
of the data register during the capture instance. The timer 
can be written to at any time, and the contents of both 
the data register and modulus latch are updated imme- 
diately. The timer is set to $FF on reset, but the contents 
of the capture register are not valid until the first capture 
after reset. 


TIMER C CONTROL REGISTER $015 


7 6 5 4 3 2 1 0 


RESET: 
0 1 0 0 - 0 0 0 0 


TCOF — Timer C Overflow Flag 
1=Timer C has transition to $00 
0= Software or reset cleared 
TCOM — Timer C Interrupt Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TCCF — Timer C Capture Flag ae. 
1=Proper capture occurred on PRESCALER1 or 
PRESCALER2. No new capture occurs when set 
0= Software or reset cleared 
TCCM — Timer C Capture Interrupt Request Mask 
1=Inhibits interrupt request generated from TCCF 
0= Does not inhibit interrupt request generated from 
TCCF 
TCEG — Timer C Capture Edge Seléct 
1=Selects rising edge of PCOor PC1 to be capture 
instance ; 
0=Selects failing edge of PCO or PC1 to be capture 
instance 
TCCS — Timer C Capture Source Select 
1=Select PRESCALER2/PC1 as capture source 
0=Select PRESCALER1/PCO as capture source 





TCCL1 and TCCLO — Timer C Clock Source Select 
Clock source selection is defined below. 

| 0 |internal Clock | [0 | Internal Clock _| 

| 0 [internat clock | [| 1 _[MR1Status* | 

MRI Status* | 0 [Internal Clock _| 


MR1 Status* MR1 Status* 

























NOTES: 


1. *Denotes prescaler 1 or 2 clock source depending on mis- 
cellaneous register bit 1 (MR1) status. : 
2. MR1 bit cleared (logic zero) at reset: 
Prescaler 1 clock selected to timer A 
Prescaler 2 clock selected to timer B and C 
3. MR1 bit set (logic one): ss 
Prescaler 1 clock selected to timer B and C 
Prescaler 2 clock selected to timer A . 
4. Prescaler 1 output determined by the status of Timer A 
control register bits 2, 1,and 0 (TACR2, TACR1, and TACRO) 
5. Prescaler 2 output determined by the status of Timer B 
control register bits 3, 2, 1, and 0 (TBCR3, TBCR2, TBCR1, 
and TBCRO) , 


PRESCALER 1 


Prescaler 1 is a 7-bit binary down counter whose value 
is selected by TACR2, TACR1, and TACRO. The selected 
output is used as the clock input to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1). The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 


PRESCALER 2 


Prescaler 2 is a 15-bit:down counter; its value is se- 
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se- 
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross- 
couple bit (MR1). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 
to $7FFF at reset or under program: control when a one 
is written to prescaler 2 clear bit (MR2). 


AUXILIARY COUNTER 


This register is a fixed counter which is clocked by the 
internal clock (fogc divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count- 
down may be aborted at any time under program control, 
which also resets the counter to 4095 and clears MR5. 
When MR4 is clear and MR5 is set as a result of counter 
time out, the reset pin is internally pulled to ground. If 
the MCU loses control of the program, the “watchdog” 
timer will bring the MCU back to reset. Refer to Figure 
13 for counter operation. diagram. 


SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SPI communicates with the 
MCU via data and control registers. The SPI data and 
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EXTERNAL RESET | | FORCED RESET TIME 
a | 





| 

RESET Vice : ; 4 | VIRES - VIRES + 
| 
| 


[MRS] YA . [MR5}'= 0 : | | 
| | | | 
umn ee ee eee Ee 
[MRA] | 
| 
| 
| 


MCU WRITE 0» (MR4] 1» (MR5] 1» ([MR4] 0.» {MR5] 0» (MR4] 


() Counter Preset by Writing ‘1 


Underflow: MR5 » 1; No Forced Reset 


Cc) Counter Reset by Writing “0” 


(0) Underflow MR5- 1 Forced Reset 


Figure 13. Auxiliary Counter Operation 


clock inputs are always taken from their respective I/O SPI CONTROL AND STATUS REGISTER 
ports, regardiess of the status of the data direction reg- 


isters relative to that port. The SPI can operate in modes This 8-bit register contains the status and control bits 
from auto clocked (NRZ), half duplex, and full duplex with relative to SPI operations. The SPI control register op- 
from a one to a four wire combination. Refer to Figure eration is shown in Figure 15. The SPI control and status 
14 for the SPI block diagram. , register bits can be set or cleared under program control. 
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Figure. 14. Serial Peripheral Interface Block Diagram 
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RESET: 
0 1 0 0 0 o 0 0 


SPICR7 — SPI interrupt Request Bit 
Set on eighth data input strobe. MCU services this in- 
-terrupt if | bit is clear in CCR. 
1=Interrupt request (if SPICR6 not masked) 
0=No interrupt pending 
SPICR6 — SPI interrupt Request Mask Bit: 
1=Disables interrupt request from SPICR7 — 
0=Enables interrupt request from SPICR7 
SPICRS5 — SPI Clock Sense Bit/Bus-Busy Flag 
Dual-function bit controlled by the status of SPICR4. 
1=Start SPI operation when SPICR4=1. Input data 
latched on positive edge and output data changed 
on negative edge of SPI clock when SPICR4=0. 
0=Stop SPI operation when SPICR4=1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4=0. 
SPICR4 — SPI Operation Enable Bit — 
This bit determines the functions of SPICR5 and SPICR2. 
1=Enables SPI data register shifting, data and clock 
arbitration logic, and-slave select input logic 


0=Disables SP! data register shifting, data and clock - 


arbitration logic, and slave select input logic 
SPICR3 — SPI Data Output Select Bit 
1=Output of the SPI data register is loaded to port 
- B3 data register at the appropriate SPI clock edge 
selected by SPICRS, during the active transaction 
mode 


INTERRUPT 
REQUEST - 
TO CPU 


FROM 
PB1 PIN 


TO PB3 
DATA REGISTER 


TO PB2 
“DATA REGISTER 


SPI.DATA REGISTER 


0=Output of the SPI data register is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction. 
mode , 
SPICR2 — Mode Fault Flag 
Dual-function bit controlled by the status of SPICR4. 
1=Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4= 1. Start bit set 
under program control to enable port B1 data reg- 
ister toggle facility when. SPICR4=0. 
0=Stop SPI operation when SPICR4 = 1. Cleared un- 
der program control when SPICR4=0.° - 
SPICR1— Mode Fault Flag ~ 
=(a) Mode flag is set when SPI data output arbi- 
tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DDR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to.the clock slave mode, 
and port B1 DDR is cleared. 

(c) Mode flag is set during the idle mode when a 

_ negative clock edge is detected on the SPI clock 

. input, and the port B1 data register is cleared. 
0=Cleared under program control 
SPICRO — SPI Input Data Select Bit 
1=SPI data from port B3 is latched into the SPI data 
register 
0= SPI data from port B2 is routed to the faiplit of the 
SPI data register 









PBO PIN 
DORBO 


FROM 
PB3 PIN 


FROM 
PB2 PIN 


Figure 15. SPI Control Register Operation 


MOTOROLA MICROPROCESSOR DATA 
3-517. 








MC6805S3 


SPI DATA REGISTER 

This register can be written to any time and can also 
be read, regardless of serial operations, without disturb- 
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
are generated internally only ‘during the active transac- 
tion time. 


SPI DIVIDE-BY-EIGHT COUNTER 


The counter is cleared during SPI deselect or idle modes. 
A count occurs at every data input strobe during the ac- 
tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and blocks all data input and 
output strobes. The counter is cleared when PBO is high 
if the SPI is in the slave mode or when a “‘start” condition 
is detected. 


SPI OPERATION 


The SPI can operate ina variety of modes: Software 
assisted protocols may be defined to upgrade the hard- 
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are sum- 
marized in Table 1-and in the following paragraphs. 

1) SPI data input and output may be individually routed 
to or from PB2 or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well as 
allowing bidirectional information to flow i in daisy- 
chained systems. 

When data input and output is done on PB2, PB3 
is available for any other use and vice versa. 
Data input is always relative to the port pin logic 
level regardless of the data direction register status 
on that pin. 

In full duplex operation, 16 bits of information: may 
be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 
and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 


2 


3 


4 


transmitted replaces the byte received. SPICR7 is . 
used to signify that the I/O operation is complete. . 


5 


SPi clock is always provided on port B1. In the.clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, port B1 DDR 
is set; therefore, the MCU imposes the clock level 
on PB1 until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 

No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaler clock 
source option, prescaler divide ratio, and timer di- 
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
B1 data register is automatically. allowed during 
the active transmission mode. ; 

All devices connected to the SPI must have their 
output and input data strobe on the same clock 
edge for correct transfer of data. 

8) During the active transmission mode, the first clock 
edge must be the output data strobe. When this 
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occurs, the MSBs of the data registers of all trans- 
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
B2 or B3 data register. 

Port B data direction registers and port B data con- 
trol registers are accessible during SP! operation. 
During active transaction mode, the PB1 data reg- 
ister, PB2 data register (if SPLCR3=0), and PB3 (if 
SPICR3 = 1). are not write accessible under program 
control. 

Port B lines not used for SPI can be used for other 
digital functions. 
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SELECT INPUT OPERATION 


An external device supplies slave select information 
via port BO. If slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI. 


Master Mode Slave Select Actions 


The MCU monitors slave select input in master mode 
to assure that it stays false. If slave select goes true, the 
MCU exits master. mode and becomes a slave. This im- 
plies that a write collision has occurred which means two 
devices attempted to become masters. Write collisions 
normally result from a software error, and the default 
master must clean up the system. The mode fault flag is 
set to signal that clock mastership. is lost. Slave select 
actions, can take place during either active or idle trans- 
action modes. 


Slave Select Input Actions During Slave Mode 


The current clock master generates slave select to en- 
able one. of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a-daisy chain can be used for 
multiple slaves. When SS is high, the following occur: 

@ Serial data output is forced to a high-impedance state 

without affecting the DDR status. 

e Serial clock input pulses are. inhibited from gener- 

ating internal data output and input strobe pulses: 

e@ The eight-bit counter is cleared. 


SP! OPERATING MODES 


Six methods of operating the SPI are discussed in the 
following paragraphs. 


One-Wire Autoclocked Mode 


Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 


. device being its own clock master. 


Two-Wire Half-Duplex Mode 

In this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 
be monitored via protocol included in the data patterns. 
A transmitter can send all zeros to take all other trans- 
mitters off the bus. 
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Table 1. Summary of SPI Operations 








DEFINITIONS 
Transmitter — Data Master: DDRB2 or 3=1 
Receiver — Data Slave: ODDRB2 or 3=0 
Clock Master: neve 
Clock Slave: DDRB1 = 
Transaction Mode: aren 
1) Active: SPICR7@(DDRBOePBO + DORBO) if DDRB1 =0 (clock slave mode) or 
SPICR7e(DDRBOePBO + DDRBO) if DDRB1 = 1 {clock master mode) 
Clock Pulses allowed, data shifted 
2) Idle: SPICR7 + DDRBOePBO if DDRB1=0 (clock slave mode} 
Clock pulses blocked, data output line in high-impedance state 
Deselect Mode: SPICR4=0 - No SPI Operations 


SLAVE SELECT INPUT . | 
Slave Select Input: SPISS — PBO 
If DDRBO=0 then so SPISS action on MCU 
1) Master Mode: SPISS=1 DDRB1=1 
SPISS 1 - 0: Switch to Slave Mode (DDRB1 1-0) 
Set SPICR1 (Mode Pies Flag) 
2) Slave Mode: SPISS=0 ODRB1= 
External clock is allowed to oe data in/out. If SPISS i is pulled high, the avierial clock input pulses are inhibited; 
‘no data’ shift; divide-by-eight counter cleared; SP!D (PB2.or PB3) switched to high-impedance state. 
. Used as Chip-Select Input 


_| DATA ARBITRATION 
| Data master loses data mastership when data collision occurs during internal data strobe time. 



































{ft SPID output port (PB2 or PB3)=:1 while actual pin level is pulled low externally — conflict detected at internal data strobe 
time. 


‘Then SPICR1 (mode fault flag) is set; SPID output port DDR (B2 or B3) 1 0 (high-impedance state). 


‘CLOCK ARBITRATION 
MCU has clock mastership: (DDRB1 = 1) 
1) Via SPISS tine (DDRBO= 0). If SPISS is pale? low, then clock acaenin lost; DDRB1 ene -impedance state); SPICR1 
is set (mode fault flag). 
2) Via clock line SPICL (DDRB1=1 and DCRBS = 0) 
Condition: SPICL must have open-drain output (DCRBS = 0} 





If clock line is held low externally then clock mastership is not lost; minimum ‘CLH and tcLK times are 
guaranteed. 





If SPICL goes low during idle mode then SPICR1 =1 and clock line is switched. low to. inhibit the system 
clock. 


MODE FAULT FLAGE OPERATION (SPICR1) | 
Flag set when any of the following conditions occur: 
Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching. 


Clock arbitration via clock line if SPICL 10 during idle. =} 
START, STOP, AND CLOCK IDLE CONDITIONS 


Clock idle: The clock level just prior to the transition that causes data on the serial output data line to be sianged is defined 
as the SPI clock idle state. 
SPICR5=0: SPICL Idle = Low State 
_ SPICR5=1: SPICL idle =High State 








These definitions are necessary for determining start and stop conditions. 





~ NOTE 
Clock idle.state can only be-defined if SPICR4=0 (Deselect Mode) 








Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state. 
Stop Condition: Any positive transition of the data input line during an SPICL idle state. 
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Table 2. Port B Status During SPI Operation 





Three-Wire Half-Duplex Mode with Slave Select Input 


This mode is the same as the half-duplex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans- 
mission and pulls it low to indicate that the system is 
busy. This allows the clock master to retain mastership 
until the end of transmission. Software protocol can be 
arranged so that slaves do not request. mastership until 
their slave select lines go high. At the end of a transmis- 
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave requesting 
clock mastership pulls the SPISS line low, removing the 
current master from the line. Time multiplexed protocols 
may be required to avoid simultaneous mastership re- 
quests. 


Three-Wire Full-Duplex Mode 


This mode allows the MCU to operate simultaneously 


as transmitter and receiver. Bus or daisy-chain networks 


SLAVE SELECT 
CLOCK 
DATA 


EXAMPLE: INFORMATION FLOW 








Used as slave select input 
Used as “busy” signal or any digital 
output 


Clock slave 
Clock master - 


SP! data input SPICRO=0 
SPI data output SPICR3=0 
Any digital signal SPICR3=1 


SPI data input SPICRO=1 
SPI data output SPICR3=1 
Any digital signal SPICR3 =0 


are feasible. Protocols in the data stream are required to 
change: 

e@ Clock masters 5 

@ The number of transmitters in the system 

@ The direction of data flow in daisy-chained systems 

with collision 

It is possible for the MCU to shift out one byte of data 
while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 


Three-Wire Full-Duplex Mode with Clock Arbitration 

This mode is a mix of the three-wire full-duplex mode 
and two-wire half-duplex mode with clock arbitration, 
where the SPI clock line operates as.a wire-or. Simulta- 
neous masters are allowed, and clock arbitration is via 
the clock line. 


Four-Wire Full-Duplex Mode with Stave-Select Input 
This mode is similar to the three-wire full-duplex mode 

in network construction and to the three-wire half-duplex 

mode with slave-select input in clock arbitration and slave 


‘selection. Refer to Figure 17. 





B2=SPID IN 
—> B3=SPIC.OUT 


B2=SPID QUT 
B3=.SPID IN 


Figure 16. Daisy Chain/Cascade Organization 
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SPID:PB2/3 


*HALF DUPLEX SPICL:PB1 


“*HALF DUPLEX 
WITH CLOCK ARBITRATION 


SPID:PD2/3 
SPICL:PBt 





_ 
= 
a 
2) 


Figure 17. SPI Operation Bus Organization 


SPISS 


ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 18. Four external analog inputs can be connected 
to the A/D through a multiplexer via Port D. Four internal 
analog channels (VRH—VRL, VRH—-VRL/2, VRH-VRL/4, 
and Vpi) may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

A fifth external analog input (AN4) is available via mask 
option. When selected, it replaces the VRH internal chan- 
nel. Due to signal routing, the accuracy of this fifth chan- 
nel may be slightly less than ANO-AN3. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown in Figure 18. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 


Vcc 





*FULL DUPLEX 


*FULL DUPLEX 


SPID:PB2/3 
SPICL:PB1 
SPISS:PBO 


*HALF DUPLEX 
WITH SLAVE SELECT 


SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PB1 

SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PB1 
SPISS:PBO 


WITH SLAVE SELECT 


| 
| 
| 
| 
| 


complete, the digital value is placed in the A/D result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is samm- 
pled for five machine cycles. 


The converter uses VRH and Vpy as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRL, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to VR, for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vcc, (2) VAL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH- VRL 
should be equal to or greater than 4 volts. 


Table 3. A/D Input MUX Selection 





een 

















Sea aa | 
| a0 Control Register | A/D Output (Hex) 
—_—r. TT | Input Selected | ——_-_—__,__—_ 
ACR2 | ACR1 | ACRO in Typ | Max 
0 0 0 ANO | 
0 0 1 AN1 
; Oo |; 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH** FE*® || (RE*® || FEe* 
1 0 1 Vac* 00 00. 01 
1 1 0 VRH/4* 3F 40 41 
tobe 1 re VRH/2* 7F 80 81 

















*\nternal. (calibration) levels 


**AN4 may replace the VRH calibration channel if selected via mask 


option. 
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D/A 
15 k (TYP.) 







PD5/VRH 
PD4/VAL 


PDO/ANO 
PDI/AN1 
PD2/AN2 
PD3/AN3 

INT2/PD6/AN4 





SELECT 
MULTIPLEXER 


i; 0 
A/D pap alelo 
im EVV, 
REGISTER Ut pects (ets Ipibas 


(S00E) 


ae 8 


J] 


COUNT 
LOGIC 
0 
A/D 


a a 


RESULT 


REGISTER 
($00F) 


Figure 18. A/D Block Diagram 


The A/D has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to + 1/2 LSB, rather 
than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VpR_. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRy, ideally. 


INSTRUCTION SET . 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


lation instructions. 

BRSET n (n=0...7) 
BRCLR n (n=0...7) | 
BSET n(n=0...7) 
BCLR n (n=0...7) 













Function 
Branch iFF Bit n is Set 
Branch IFF Bit n is Clear 


Set Bit n 
Clear Bit n 






















| Jump Unconditional 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR):instructions have no register 
operand. Refer to the following instruction list. 


Function 

Load X from Memory 
Store A in Memory 

Store X in Memory 

Add Memory to A 

Add Memory and Carry to A 





[Mnemonic | 
Subtract Memory m4 
Subtract Memory from A with Borrow - 
AND Memory to A 


OR Memory with A 
Exclusive OR Memory with A 





Arithmetic Compare A with ‘Memory 


Arithmetic Compare X with Memory 
Bit Test Memory with A (Logical Compare) 


| FOR | 
JSR 


Jump to Subroutine 





——! 





READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
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value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 


read-modify-write sequence since it does not modify the | 


value. Refer to the following list of instructions. 






Increment 














Decrement 


[Mnemonic | 
3 
| Decrement 
| Rotate Right ThruCarry | ROR 
_ASR 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 


| Function 


Negate (2's Complement) 


Branch IFF Interrupt Line is Low 
Branch IFF Interrupt Line is High 





Branch to Subroutine 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Transfer A to X . TAX 


Function Mnemonic 




















Transfer X to A TXA 
Set Carry Bit : SEC 
Set Interrupt Mask Bit ; SEI 
Clear Interrupt Mask Bit CLI 
Software {nterrupt : swi 
Return from Subroutine RTS 
Return from Interrupt ; . _ RTI 
Reset Stack Pointer . ‘ RSP 
No-Operation , . NOP 





OPCODE MAP SUMMARY | 


Table 4 is an opcode map for-the instructions used on 
the MCU. 


ADDRESSING MODES. 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct- 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 


_the various addressing modes. Effective address is de- 


fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 


.that do not change during program execution (e.g., a 
- constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in:memory with a single 
two-byte instruction. 


‘EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 


. the opcode byte. Instructions with extended addressing 


mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 
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Table 4. Opcode Map 
























































































































; Bit Manipulation Branch i Fed Mostty Werte Control : Register/Memo 
: BTS | mis Bg. DIR | INH INH [1X4 INH | IMM DIR x Te xt ae 
Hi]. 0 4 5 { 6 9 A B De- 
| Low 0000 0010 _ 0011 0100 0101 0110 1001 1010 1013 1100 tet otis — ain | Mt Tow | 
10 4 6 4 t4 7 . 6 4 
Pol BRSETO BSETO BRA NEG NEG NEG NEG ae 
0000 BTS 8 iit DIR | 1 INH | INH_] 2 INH Q000 
10 7 4 2 
eae BRCLRO BCLRO BRN | { RTS CMP re 
3, 8TB 2 8S 2 REL i iN 3 
: 7 
BRSET1 | ®8SETI BHI ee 
0010 3 BTB B fees aaa a} | 
10 7 4 4 7 
3 BRCLRI BCLRi BLS COM COMA COMX COM ra 
oon 13 81B REL 2 Bin INH INH [2 lal 
10 k 
4: BRSET2 BSET2 aCe : aan LSRA LSRX LSR eat | 
0100 3 BIB \ INH} INH | 2 0100 
; 10 T Tt ot 
3 R at 010 
7 6 4 4 ? 
BRSET3 BSET3 BNE ROR ~ RORA RORX ROR | 6 | 
me. ETB B Ret | 2 om] 1 iNH | 1 “INH | 2. 
7 4 6 4 4 ? 2 
Bat 'BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR TAX 
O11 f BIB B REL 2 DIR 3 INH 4 4 =INH Zz ele INH ou 
10 7 4 6 a 4 20 ie] : > 
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL CLC - : 8 
1000 _ BTB 58 R OR | INH | 1 INH _j 2 x ji) + INH 4 2 1000 
: 16 7 4 6 4 4. 7 2 r 
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL SEC a 
1001 3 BTB gsc | 2 “Ret | z DIA 1 INH . (NH 12 1 INH 
0 7 4. 
A BRSET5 BSET5 BPE P bay DECA DECX - DEC cu! : iz ra 
1010 8T8 Et WR 1 INH 1 INH 1 INH 
s 10 7 ‘ 1 
g | .BRcLRS | BCLAS | eM SEI re 
1001 BTB gsc | 2 REL 1 NH | 2 
; 4 é = 4 a 7 ani 673 a 3 4 
ise BSC Z REL | 2 OR | INH {1 INH | 2 ji INH | 2 DIR EXT Fie 2 1400 
6 Ta a 17 2 8 7 3 
1101 ist _ DIR | 1 INH | 1 INH | 2 + INH | 2 REL | 2 IR SA at ae 2 
2 a 
NG BSC 2 REL 1.3 é f; 2 iMM | 2 DIR a = ne 2 
IBRCLA? “BCLAT BIH CLR CLRA " CLRX CLR TXA STX STX STX 
an 2 Ret | 2 OIR | 3 (NH INH ] 2 1 (NH 42 OIR | 3 EXT] 3 ar 2 si 1 IX 
Abbreviations for Address Modes LEGEND 
INH... “© Snherent Opcode in Hexadecimal 
IMM . Immediate ew? Se 
DIR . Direct ~ # of Cvel ; 
EXT |: Extended PIEYCIES Opcode in Binary - 
REL Relative ; _ Mnemonic 
BSC... Bit Set/Clear. = 4d Bytes 
BTB Bit Test and Branch 7 ; 
IX. Indexed (No Offset) ediess Mode 
IX1- Indexed, 1 Byte (8-Bit) Offset 


IX2.... Indexed, 2 Byte (16-Bit) Offset 
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RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. , 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 


the opcode. This addressing mode can be used in a man- 
ner similar to indexed 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


‘BIT SET/CLEAR 


in the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
lO, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing.and relative addressing. The 
bit to be tested, and its.condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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MAXIMUM RATINGS 














PCO in 
Self-Check Mode 
All Other 


Port.A and C Source Current per Pin 
(One at a Time) 


input Voltage 











Operating Temperature Range 


















Junction. Temperature 
- Plastic Package 





THERMAL CHARACTERISTICS 





Characteristic - 


Thermal Resistance 
Plastic (P Suffix) 





POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp* Oya) (1) 
where: 
Ta = Ambient Temperature, °C 
OA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pintt+Pport 
Pint =!ccVec, Watts — Chip Internal Power 


PporT = Port Power Dissipation, 
Watts — User Determined 


Vec = 4.75 V 









TEST MMD6150 
POINT OR EQUIV. 





13 kQ 


40 pF 


MMD7000 
(TOTAL) 


OR EQUIV. 


Figure 19. TTL Equivalent 
Test Load (Port B) 


Voc = 4.75 V 







TEST MMD6150 
POINT OR EQUIV. 





2.26 kQ 


MMpD7000 
OR EQUIV. 


Figure 21. TTL Equivalent 
Test Load (Ports A and C) 


—0.3 to + 15.0 
—0.3 to +7.0 









MC6805S3P 0 to 70 

MC6805S3CP -40-to +85 

MC6805S3VP —40 to +105 
Storage Temperature Range -55to +150 | 


_ ELECTRICAL SPECIFICATIONS 


[symbot] Value | Unit _| 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation, it is recom- 
mended the Vin and Voyt be constrained to 
the range Vss < (Vin or Vout) = Vicc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vgg or Vcc). 





For most applications, Pport<Pint and can be ne- 
glected. PPoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp=K+(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp + (Ta +273°C) + byArPD2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known T,. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


30 pF (TOTAL) 


TEST POINT Th 


Figure 20. CMOS Equivalent 
Test Low (Port A) 


Voc = 4.75 V 
1.36 kQ 
TEST 
POINT 
Ai 30 pF (TOTAL) 


Figure 22. Open-Drain Equivalent 
Test Load (PB1, PB2, and PB3) — 


MOTOROLA MICROPROCESSOR DATA 


3-526 





MC6805S3 


ELECTRICAL CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vde, Vgg =0 Vde, Ta=TL to Ty, unless otherwise noted) 


Characteristic amet [oe [a 













Input.High Voltage 





RESET (4.75 < Vcc < 5.75) 
Vcc < 4.75) 
INT (4.75 < Vcc < 5.75) 
(Vcc < 4.75) 
All Other 


Input High Voltage PCO 
Port/Timer Mode 
Self-Check Mode 





Input Low Voltage 
RESET 
INT 
All Other (Except A/D Inputs) 











RESET Hysteresis Voltages (See RESETS) 
“Out of Reset” 
“Into Reset’ 


Standby Supply Voltage (INT2 Input Option) 


it Standby Current (INT2 Input Option) (VgTBy =3.0 V) 


Power Dissipation — No Port Loading 
(Vcc =5.75 V, Ta =0°C) 
(Vcc =5.75 V, Ta= — 40°C) 














Input Capacitance (Except Analog Inputs — See Note) 


Low Voltage Recover 





Low Voltage Inhibit 





Input Current lin 
iNT 
(Vin =2.4 V to Vcc) — 
EXTAL : 
(Vin =2.4 V to Vcc Crystal Option) om 

(Vin = 0.4 V Crystal Option) — 

’ RESET 


(Vin= = 0. 8 V) 
- (External Charging Current) 


~4.0 











3.75 








4.70 


- 60. 


10 
— 1600 














TBD =To Be Determined 
NOTE: Port D analog inputs, when selected, Cj, = 25 pF for the first 5 out of 30 cycles. 
*This input {when unused} floats to approximately 2.0 V due to internal biasing. 
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SWITCHING CHARACTERISTICS 
(Vcc= +5.25 Vde +0.5 Vde, Vgg=0 Vde, TA=T, to Ty, unless otherwise noted) 


| Characteristic | Symbol | Min 
| Oscillator Frequency Tose | SO 
| Cycletime foc) tye | 
INT, INT2, and TIMER Pulse Width 


ens tWL: tWH. teye + 250 
RESET Pulse Width tRWL teyo + 250 












RESET Delay Time (External Capacitance = 1 jF) tRHL ae 


INT Zero-Crossing Detection Input Frequency Lae a kHz 
(for +5° Accuracy) 0.03 
External Clock Input Duty Cycle (EXTAL) ee ae ee ee ee ee 
Oscillator Startup Time Crystal ee el ee i ms 
| SPICL High Time | tsp | 4 | — | Cte 
| SPICL Low Time . aa ae 
SPICL Rise and Fall Time Re 
SPID Input Data Setup Time re ee ee ee eee eee 


SPID Input Data Hold Time 


SPICL to SPISS Lag Time | tsstg | 4 























SPISS to SPICL Lead Time 
Start Bit to First Clock.Lead Time 





External Timer Input to Timer Change Time 
Timer Change to Port B Toggle Time 
INT2 to Timer A Load Time tiINTL 








A/D CONVERTER CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vde, Vgg =0 Vde, Ta=TL to Ty, unless otherwise noted) 


Characteristic 


Resolution 

















Non-Linearity* 





Quantizing Error 









Conversion Range 
VRH 
VRL 


Conversion Time 


A/D accuracy may decrease proportionately as 
VRH-VRL is reduced below 4.0 V. The sum of 
Vss : VRH and VR_ must not exceed Vcc 


(Inherent within total error) 
fe saDice pO | Stages ie 
| — | | fee ee ee eel 


Transients on any analog lines are not allowed 
at any time during sampling or accuracy may 
be degraded 



























Monotonicity 












Sample Time 
Sample/Hold Capacitance, Input 
Analog Input Voltage 


= 


* For VRH=0.4 V to 5.0 V and Vp, =0 V. 
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PORT ELECTRICAL CHARACTERISTICS ; 
(Vcc = +5.25 Vde +0.5 Vde, Vgg =0 Vde, Ta=TL to Ty, unless otherwise noted) : 


"Characteristic | symbot | min | typ | Max | Unit 


Port A with CMOS Drive Enable 
Output Low Voltage, ILpaq= 1.6 mA VOL 


Output High Voltage, ILoad= — 100 nA VOH 
Output High Voltage, ILgag= — 10 pA VOH Vec- 1.0 ae Cae 





FEF 















































input High Voltage, I_gag= — 300 pA (max.) VIH 2.0 — Vcc +0.7 

Input Low Voltage, ILgaqd= —500 pA (max.) VIL Vss . _ 0.8 
hi = = ~300 HA 

Hi-Z State Input Current (Vip =0.4 V) . Iie a — _|__=500' pA’ ase 

PotB . 

vo | — | - | 04 nee 
re ee a a el 
von | 2@ fe | -.[¥ 
lov =1.0 wer EES mA 
vin 20 =| veever |v 

Hi-Z State Input Current - ITSI — <2 10. pas | 

Port C and Port A with CMOS Drive Disabled © 
Output Low Voltage, ILoad=1.6 MA - VOL _ _ 0.4 





Vv 
Output High Voltage, Igad= — 100 nA 2.4: = a 
Input High Voltage Vin 
Input Low Voltage ' VIL... . Vss _ 08 V 
Hi-Z State Input Current poms | — | < | wo | av 


Port D (Digital Inputs Only) 


pA 
Input High Voltage VIH . 2.0 _— Vec+0.7 Vv 
a ee 








Input Low Voltage Vit Vss 

















Input Current** ; lin _— <4 





*Not applicable if programmed to open-drain state. 
**PD4/VRL — PD5/V\H: | 
‘The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. 
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ORDERING INFORMATION 

The following information is required when ordering-a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: : 

MDOS, disk file 

MS-DOS/PC-DOS disk file 

EPROM(s) 2532, 2732, or two each: 2516/2716 
‘To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 

Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer's pro- 
gram (positive logic sense for address and data), may be 
‘submitted for pattern generation. In either case, the dis- 


kette should be clearly labeled with the customer's name; 


date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any cimculty with the pattern file. 


MDOS Disk File 

MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 


MDOS compatible floppy diskette. The diskette must con- — 


tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All.unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K), 


double-sided 5.1/4 inch compatible floppy diskette. The: ° 


diskette must contain object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


An MC68705S3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer’s program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705S3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


For the 2532 or.2732, the ROM code should-be located 


_.from $080.to $EFF and the interrupt vectors from $FF8 


to $FFF. For the 2516s or 2716s, the ROM code should 
be located from $080 to $7FF in the first EPROM and from 
$0 to $6EF in the second EPROM. The interrupt vectors 
should be in the second EPROM from $7F8 to $7FF. 


EPROM MARKING . 










Pe 
4 
« 






2516/2716 
2532/2732 


wo 
Es 
26 
wm 
™N 





An 
S 
co 
So 


xxx = CUSTOMER 1D 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer’s mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
with five volts and at room temperature. These RVUs are 
free with the minimum order quantity but are not pro- 
duction parts. These RVUs. are. not asrantesd by Mo- 
torola Quality Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC6805S3. 


Table 5. Generic Information 


Package Type 


Plastic 





Order Number 


MC6805S3P 
MC6805S3CP 
. MC6805S3VP 


Temperature 


0°C to 70°C 
— 40°C to + 85°C 
— 40 to + 105°C 


(P Suffix) 





IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENT 


Vss Jie NUM 
PRESCALER1/PCO [] 2 EXTAL 
PRESCALER2/PC1 [] 3 XTAL 

Vstpy/AN4/INT2/PD6 [] 4 INTI 

VeH/PDS Uj 5 Vbp. 
VpL/PD4 Oe RESET 
AN3/PD3 {] 7 PAT 
AN2/PD2 J 8 PAG 
AN1/PD1 {] 9 PAS 
ANO/PDO PAG 
SPISS/PBO PA3 
SPICL/PBI PA2 
SPID/PB2 PAI 
SPID/PB3 PAO 
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TECHNICAL DATA MC6805U2 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805U2 (HMOS) Microcontroller Unit (MCU) is a member of the M6805 Family of micro- 
controllers. This low cost and high-speed MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 


@ Internal 8-Bit Timer with 7-Bit Prescaler ‘e@ Vectored Interrupts 
On-Chip Oscillator e 2048 Bytes of ROM 
Memory Mapped |/O @ 64 Bytes of RAM 
Versatile Interrupt Handling e@ Self-Check Mode 

True Bit Manipulation @ 24 Bidirectional I/O Lines 
Bit Test and Branch Instruction 


BLOCK DIAGRAM 


Far XTAL EXTAL RESET NUM iNT 
imer 
TIMER Prescaler Counter 
7 8 
Timer Control 















PAO ‘ | AIO Analog 
PAI ccumulator Zz] mux 
ron PA2 Port | Data 8 CPU — 
S PA3 A Dir Index Control 
VO PAG Reg | Reg Register eee 
Lines pas 8 x rice cee Port 
r 
PAG Condition ama. D 
PA? PD3 
Code ean In 
PD4 Ce 
5 Register cc aaan Lines 
Ge Sees 
Stack rT? It PO6/INT2 
PD7 
P80 ieee Py WWW 
PBI Pro 
gram 
oe PB2 Port | Data Counter Port D 
oe hoes 8 Dir 4 High PCH Input 
PB4 Reg Reg 
Lines pgs Program 
PB6 Counter 
P87 8 Low PCL nee 
PC1 
Data Port pC2 Port 
Pc3. CC 
Dir Cc 
2048 x 8 64x 8 Reg | eg oa ve 
User ROM ‘ RAM PC5 Lines 
192 x8 oe 
Self-Check ROM ao 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 





" MOTOROLA MICROPROCESSOR DATA 
. 3-532 


MC6805U2 


SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vgg is 
ground. ; : mene 


NUM 


This pin is not for user applications and must be con- 
‘nected to VSss. 


INT 


_. This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fogc.is shown in Figure 2. 


Cy 
Ly 
EXTAL Rs XTAL 
e Co 6 
AT — Cut Parallel Resonance Crystal 
Co=7 pF Max . 
Freq. =4.0 MHz @ C,.= 24 pF 
Rs = 50 ohms Max. 
Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's Sug- 
gestions for Co, C1, and Rs values. 
6] XTAL 
External EXTAL 
Clock 
Input 





External Clock 


Approximately 25% to 50% Accuracy 
Typical toyc = 1.25 ys 
External Jumper 


Crystal 

The circuit shown in Figure 1 is recommended when 
using.a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test. program. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 


INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PCO-PC7, PDO- 
PD7) _ a os 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D) Ports A, B, and C are programmable as either 






(See Note) .C2.. 


CL 





Crystal 


Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C,_ value with a 4.0.MHz crystal is.27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections _ 
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” Vee=8.25V 
Ta=25°C 


Oscillator Frequency (MHz) 





0 10 20 30 40 50 60 70. & 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port and not 
controlled by any data register.'Port D bit 6 shares input 
signal INT2, which is used for external interrupts. Refer 
to PROGRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding write- 
only direction register (DDR). Port D lines are input only. 
The port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 


initialized to a logic zero state to put the ports in the input © 


mode. The port output registers are not initialized on 


reset and should be written to before setting the DDR - 


bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 


Data Direction 
Register* Bit 


Latched 

Output 

internal Pst 
Connections 


is set to input. This port write.may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write. instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and also to the latched output when 
the’ DDR is an output (one). Refer to Table 1 for I/O func- 
tions and to Figure 3 for typical port circuitry. 


Table 1. I/O Pin Functions 


Data 
Direction 
Register 

Bit 





*Port B and C are three-state ports. Port A has optional internal 
pullup devices to. provide CMOS data drive capability... 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, a miscellaneous register (MR), timer registers, 
and I/O. The interrupt and reset vectors are located from 
$FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 





Figure 3. Typical Port /O Circuitry and Register Configuration 
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1/0 Ports 

: Timer 

Page Zero RAM 
; (128 Bytes) 


Access with 
Short 

Instructions - Page-Zero 

User ROM 


(128 Bytes) 


Not Used 
(1728 Bytes) 


” Main User 
ROM ° 
(1912 Bytes) 


Self-Check 
ROM 
(192 Bytes) 


Interrupt 
Vectors 





765 43 210 


Port A Data Register $000 
Port B Data Register $001 
Port C Data Register $002 
Port D Data Register $003 -" 
Port A DDR* $004* 
Port B DDR* $005 * 
PortCDDR* | $006* 
NotUsed | $007 
Timer Data Register $008 
Timer Control Register $009 


ON DWN FWY 2 OC 


Miscellaneous Register SOOA 


‘ Not Used : $00F 


Reserved 
{48 Bytes) 


aaa $040 
~ .. (64 Bytes) 

~ Stack 

(31 Bytes 


Maximum) 


$07F 


* Caution: Data direction registers (DORs) are write-only; they read as $FF. 


Figure 4. Memory Map 


REGISTERS 


The MCU contains the registers described in the fol- 


lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register ~ 


used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 


o 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 


oOo 


| 


PROGRAM COUNTER (PC) 


The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 


10 8 7 , 0 
PCH PCL 


Half Carry (H) 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 


“permanently set at 0000011. Subroutines and interrupts 


may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


4 0 


11 5 
~ [ofofofofofriry sr 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction. 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para- 


4 0 
nanan 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


, graphs: 
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Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (Z) i _ a 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. : 


SELF-CHECK 


The self-check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 


C (bit 3) for an oscillation of approximately 7 Hz. The 


' following test are executed automatically: 


I/O — Functionally exercise I/O ports. 

RAM — Walking bit test. 
‘ ROM — Exclusive OR with ODD “1s” parity result. 

Timer — Functionally exercise timer. 

Interrupts — Functionally exercise external and timer 

interrupts. 

The RAM and ROM can be called by a user program. The 
timer test may be called if the timer input is the internal 
clock. Table 2 shows the status of the LEDs as a result of 
a failure. Port C is tested only once (just after reset). If 
port C fails, no lights will appear. 


Table 2. Self-Check Error Patterns 


LED Meanings 


[eco | ror | poz | pcs [Remarks (1: LED ON; 0: LED OFF)_ 


0 Bad I/O 

0 Bad Timer 

1 Bad RAM 

1 Bad ROM 

0 Bad A/D 

0 Bad Interrupts or Request Flag 
Good Device 





All Flashing 


’ Anything else Bad Part, Bad Port C, etc. 





* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 
** For the MC6805R2/MC6805U2 pin 7 is not for user application and must be connected to Vss. For the MC6805R3/MC6805U3 pin 7 


is not connected. 


Figure 5. Self-Check Connections 
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RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. . 











POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions ‘and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at VIRES — to provide an internal reset voltage. 





LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (V_yj). The only requirement is that the Vcc 














1.0 pF 


Typical Current 


Limiting 


gee 





must remain at or below the V_y| threshold for one teye 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
teyc. The output. from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces | 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level. (ViyR).at 
which time a normal power-on reset occurs. 





_ INTERRUPTS 


The MCU can be interrupted four different ways:: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external port D bit 
6 (INT2) input pin. 

Interrupts cause the processor registers to be eaved on 
the stack and the interrupt mask (! bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


Strong 
Discharge 
Device 







© Vcc 





Low Voltage 


fee yee 
Detector {Optionall 


O—-1-+LVi 
1--0— LVR 


Internal 


Bb: 


Schmitt 
Trigger 





Figure 6. RESET Configurations 
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index Register 


Eee ee 


PCL* 





2 1 0 Pull 
n+1 


n+2 






n+3 


n+4 


n+5 


*For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt Stacking Order 
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NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. — 


_When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


if the timer mask bit (TCR6) is cleared, each time the 
timer decrements to zero (transitions from $01 to $00) an 









121 (in CC) 
07F 3>SP 
02>DDRs 

CLR INT Logic 
FF Timer . . 

7F 2Prescater 

7F 3TCR 

7F 3>MR 





interrupt request is generated. The actual processor in- 
terrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the'stack, and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts. executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and. 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a_mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
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MR7 + MR6 
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Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (fj) maximum) can be used 
to generate an external interrupt (see Figure 9a} for use 
as a.zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw , twWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the I bit 


(a) Zero-Crossing Interrupt 








ac 


Input ; (Current 
(finT Max.) Limiting) 
Rs1MQ ~ 
ac Input e 
210 Vacp-p 


OY 


is zero, SWI executes after the other interrupts. The SWi 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit prescaler. The timer source is 
made during manufacturing as a mask option. The 8-bit 
counter may. be loaded under program control and is 
decremented toward zero. When the timer reaches zero, 
the timer interrupt request bit (bit 7) in the timer control 
register (TCR) is set. Refer to Figure 10 for timer block 
diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 
CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 


(b) Digital-Signal Interrupt 


Vcc 





TTL 
Level 
Digital 
Input 


Figure 9. Typical Interrupt Circuits 
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Figure 10. Timer Block Diagram 
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a logic one; however, the TCR bit 3 always reads as a 


logic zero to ensure proper operation with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a: timer interrupt has occurred without. dis- 
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec- 
rement the timer prescaler. MS 

Clock input to the timer can. be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options. A prescaler mask option is also avail- 
able to select a divide option of a power of two up to 
128. - 


TIMER CONTROL REGISTER (TCR) $009 


’ This 8-bit register controls various functions such as 
timer interrupt request, timer interrupt inhibit, and pres- 
caler clear signal. Bit 3 is write only. 


oy 6 5 4 3 2 1 0 | 
Te he ee ee 
io 1 U U U U U U 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1=Set when the timer data register changes to all 
zeros | 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0=Interrupt enabled 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero. 
Bits 5, 4, 2-0 — Not used. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which ‘can 


be divided into five different types: register/memory, read- — 


modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands: One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Branch if Higher 






| Function | Mnemonic | 


















| 


Exclusive OR Memory with A 









READ-MODIFY-WRITE INSTRUCTIONS | 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


[Mnemonic | 
Increment 
[Decrement | 
Cer 
[Complement | COM 
| NEG 
| ROL 
| ROR 
| tsk 













INC 
DEC 

CLR 

COM 
ROL 
LSL 
BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 


| Function | Mnemonic | 
[Branch Never | RN 
| BHI 









Branch Never 


3 — Continued — 
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Branch if Lower or Same 


Branch if Carry Clear 


| Mnemonic | 

| Bs 

| sce | 

(Branch if Higher or Same) | (BHS) | 
Branch if Carry Set {pes | 
| (Blo) | 

| BNE | 

| Bea | 


(Branch if Lower) (BLO) 







Branch if Not Equal 


BLS 
BCC 
BCS 
Branch if Equal 
BHCC 
, BHCS 


Branch if Half Carry Clear 
Branch if Half Carry Set 
Branch if Plus . 
Branch if Minus 


Branch if Interrupt Mask Bit is Clear 








Branch if Interrupt Mask Bit is Set 


Branch if Interrupt Line. is Low 


Branch if Interrupt Line is High 


| ami | 
[ews 
| BH | 


Branch to Subroutine 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 


| Function | Mnemonic 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. ea 
























"TAX 
Set Carry Bit | 
[Set interrupt Mask Bit | SEL 


— Continued — 









Transfer A to X | tax | 


Software Interrupt 
Return from Subroutine 
Return from Interrupt 


Reset, Stack Pointer 


Swi 
RTS 
RTI 


No-Operation 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. . 


mt 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 


. ersion tables, and scaling tables anywhere in the memory 


space. Short indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two byte direct ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is.used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED . 
In the extended addressing mode, the effective address 


- of the argument is contained in the two bytes following 


the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


- RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
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Table 3. Opcode Map 
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Abbreviations for Address Modes ae e _ LEGEND 

INH Inherent Opcode in Hexadecimal 
IMM Immediate 

DIR Direct ‘ Bg f of Cvek ate 

EXT . Extended ae : of Cyc eS * Opcode in Binary © 
REL Relative ; ae Mnemonic. : : 

BSC Bit Set/Clear : eS . Bytes - _ 

BTB Bit Test and Branch : : 

Ix Indexed (No Offset) . Address Mode 

1X1 Indexed, 1 Byte (8-Bit) Offset . 


1X2 Indexed, 2 Byte (16-Bit) Offset 


“@NSO899IN 
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Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This.addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 


a table or to hold the address of a frequently referenced _ 


RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 


the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 


- struction. 


CAUTION 


_ The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, these functions cannot be used to set or 
clear A DDR bit (all “unaffected” bits would be set). 
It is recommended that all DDR bits in a port be 
written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first'256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of.the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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. . ELECTRICAL SPECIFICATIONS 
MAXIMUM RATINGS | c ~% 


| Rating Symbot| Value | 
| Supply Voltage | Vcc | -08to +700 | Vv 


Input Voltage ‘-0.3 to +7.0 
- -0.3 to +15.0 


Vcc Vv 
Vin Vv 
Self-Check Mode (TIMER Pin Only) | - 
, TA _ Tito Ty °C 
Oto +70 
-40 to +85 
: —40 to +105 


Lee 
150 
150 . 
175 
THERMAL CHARACTERISTICS 


| Characteristic | Symbot| Value | Unit _ 


Thermal Resistance 8A 
60 











These device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum-rated voltages to this high-imped- 
ance circuit..For proper operation it is rec- 
ommended the Vin and Voyt be constrained 
to the range Vgg<(Vjn or Vout)=Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voitage level (e.g., either Vsg or Vcc). 











Operating Temperature Range 
MC6805U2 

MC6805U2C 

MC6805U2V | 


Storage Temperature Range 


Junction Temperature 
Plastic 
PLCC 

Cerdip 






















Plastic (P Suffix) 
PLCC (FN Suffix) 
Cerdip (S Suffix) 


POWER CONSIDERATIONS For most applications PporT<Pjyt and can be ne- 

, glected. PPoRT may become significant if the device is 

The average chip-junction temperature, Ty, in °C can configured to drive Darlington bases or sink LED loads. 

be obtained from: An approximate relationship between Pp and Ty (if 

Ty=Ta+ (Pp ° 85a) © (1) Pport is neglected) is: 

where: p=K+(Tj+273°C) (2) 

Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives: ; 

8jA4 ~ = Package Thermal Resistance, K=Pp*(Tat+273°C)+6yarPp*  =—s——s«(3+) 

Junction-to-Ambient, °C/W where K is.a constant pertaining to the particular part. 

Pp = Pint+ Pport K-can be determined from equation (3) by measuring Pp 

PINT =!ccx<Vcc, Watts — Chip Internal Power (at equilibrium) for a known T,.- Using this value of K, 

Pport = Port Power Dissipation, the values of Pp and Ty can be obtained by solving equa- 
Watts — User Determined tions (1) and (2) iteratively for any value of Ta. 
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Vcc =5.75 V 


Test MMD6150 


Point or Equiv. 1.45 ko 


40 pF 


(Total) MMD7000 


or Equiv. 


Figure 11. TTL Equivalent Test Load 
(Port B) 


Vcc =5.75 V 









Test MMD6150 
Point or Equiv. 





2.91 kO 


MMD7000 


30 pF 
3 or Equiv. 


(Total) 


Figure 13. TTL Equivalent Test Load 


(Ports A and C) 
Voo 
Port A CMOS 


ae Pullup Option 


Port C Open-Drain 


Option x VoDoO 











Port Data 


{P= Input Protection 


To I/O Logic 





Figure 17. Typical Input Protection 


MC6805U2 


Test Point = ; 
. 30 pF (Total) 


IKE 


Figure 12. CMOS Equivalent Test Load 
(Port A) 


Vcc =5.75 v 
3.34 kQ 

Test 

Point 


30 pF (Total) 


Figure 14. Open-Drain Equivalent Test Load 
(Port C) 


VoD 






" 4-10k Typ. 


PB ODR 
PB Data 


IP = Input Protection 


Figure 16. Port B Logic Diagram 


Test Point eat 


Vary V, 


- Measure | 


Figure 18. /O Characteristic 
Measurement Circuit 


MOTOROLA MICROPROCESSOR DATA 


3-545 





MC6805U2 


ELECTRICAL CHARACTERISTICS (Vcc= +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta=Ty to TH, unless otherwise noted) 


Characteristic 


Input High Voltage : 
RESET (4.75<Vcc<5.75) 
___ (Vec<4.75) 

INT (4.75<Vcc<5.75) 
(Vcc <4.75) 
All Other (Except Timer). 


Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 
INT 
All Other 


Reset Hysteresis Voltages 
“Out of Reset’ 
“Into Reset’’ 


INT Zero-Crossing Voltage, Through a Capacitor 


Internal Power Dissipation (No Port Loading, Ta=0°C 
Vcc=5.75 V for Steady-State Operation) 


Input Capacitance 
XTAL 
All Other 


Low Voltage Recover 


Low Voltage Inhibit 





Input Current 
TIMER (Vin =0.4 V) 
INT (Vin =2.4 V to Vcc) 
EXTAL (Vin =2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
RESET (Vin =0.8 V) 
(External Capacitor Charging Current) 





*Due to internal biasing, this input (when unused) floats to approximately 2.0 V. 


SWITCHING CHARACTERISTICS (Vcc= +5.25 Vdc +0.5 Vdc, Vgg =0 Vdc, Ta=T_ to Ty, unless otherwise noted) 


| Characteristic | Symbol | Min |Tv 
| Oscillator Frequency tose | 
[Cycle Time (Wose) te | 
| RESET Delay Time (External Cop=1uF) | tr, | 
[INT Zero-Crossing Detection Input Frequency | fin | 0.08 | 
[External Clock input Duty Cycle (ETAL) | Ta 

a eee 


Crystal Oscillator Start-Up Time 
















A a a el 
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PORT ELECTRICAL CHARACTERISTICS (Vcc= +5.25 Vdc +0.5 Vdc, Vgg=0 Vdc, Ta=T, to TH, unless otherwise noted) 
Characteristic ae ‘ 















ne . Port A with CMOS Drive Enabled 
| Output Low Voltage, Load=1.6mA | VL] 

Output High Voltage, ILoad= —100 pA . . 
Output High Voltage, ILoad= ~ 10 HA | Von | Vec-x0. | —— |] — | 
Input High Voltage, IL oad = — 300 pA (max.) re ee eee ee eee 
Input Low Voltage, ILoad= — 500 wA (max.) | Mw | vss | — | os | v..| 


Hi-Z State Input Current (Vjnp=2.0 Vto Vcc): - 




















Hi-Z State Input Current : = a TSI mae ee ae ee ee ee 
ae oe Port C and Port A with TTL Drive + xe 

| Output Low Voltage, Iboad=1.6mA | Ve | CO | OC OT lr Tv 
Output High Voltage, ILoad=-100wA | Von | te | Se 
[input High Votage | CC S| | CO cee | 
Jinputlow Voltage = | CU | Cs | CC | | 
|Hi-Z State InputCurrent. | st S| CO TT tk 
= + 45, Port C (Open-Drain Option) et ga _ 
[Input High Voltage | CU | | CO tt | 
Input Low Voltage : | wm | vs | — | o8 | v | 
[Input Leakage Current (Vin=130V) | top S| SO | | tT 
| Output Low Voltage hoad=16mA | Ck | COC SC] SC SC] Sr 
ee . Port D (Digital Inputs Only) Bs 

[Input High Voltage =| S| | CC Tce 
|InputLow Voltage = Cd] CM | Css | CO Tl | 



























Input Current 
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» ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to- Mo: 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file 
EPROM(s)MC68705R3, 2532, 2732, or two 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or Motorola representative. 


FLEXIBLE DISKS © 


Several types of flexible disks (MDOS or MS-DOS/PC- 
DOS disk file), programmed with the customer program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. In either case, the diskette 
should be clearly labeled with the customers name, date, 


project or product name, and the name of the file con-’ 


taining the pattern. 

in addition to the program pattern, a file containing the 
program:source code listing can be included. This data 
will be kept.confidential and used to speed up the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorla’s Disk Operating System available on 
the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 


The .LO output of the Mesos cross assembler should : 


be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both date and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM-PC style machines. 


EPROMs 


An MC68705R3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer program (po- 
sitive logic sense for address and data) may be submitted 
for pattern generation. Since all program and data space 
information will fit on one MC68705R3/2532/2732 or two 
2516/2716 type EPROM(s), the EPROM(s) must be pro- 
grammed as described in'the following paragraph. 
MDOS is a trademark of Motorola Inc. 

MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


For the 2532, 2732, or the MC68705R3, the ROM. code 


_ should be located from $080 to $FF and $7CO0 to $F37 and" 


the interrupt vectors from $FF8 to $FFF. For the 2516's 


‘or 2716's, the ROM code should be located from $080 to 


$FF and $7CO to $7FF in the first EPROM and from $0 to 
$737 in the second EPROM. The interrupt vectors should | 


. be in the second EPROM from $7F8 to $FFF. 


EPROM MARKING 


© © 
= ~ 
~ 
oN ON 
a es 
— 6 N © 
—_ 
ve) 
a N 


2532/2732 
68705R3 





foc} 
S 
o 


xxx = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for creation of the customer mask. If desired, Motorola 
will program (customer supplied) blank EPROM(s) or DOS 
disk from the data file used to create the custom mask 
to aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) © 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency the MCUs 
are unmarked, packaged in ceramic, and tested at room 
temperature and five volts. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides generic information. per- 
taining to the package type, temperature, and MC part 
numbers for the MC6805U2. 


Table 4. Generic Information 


Package Type 


PLCC 0°C to 70°C MC6805U2FN 
FN Suffix — 40°C to +85°C MC6805U2CFN 









Plastic 0°C to 70°C MC6805U2P 
P Suffix — 40°C to +85°C MC6805U2CP 


Cerdip ~  0°C to 70°C MC6805U2S 
S Suffix ~40°C to + 85°C MC6805U2CS 





IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 


Dual-in-Line Package 





XTAL PA3 
(Vgs) NUM PA2 
TIMER PAI 
PCO PAO . 
PC1 PB7 
PC2 PB6 
PC3 PB5 
PC4 PB4 
PC5 PB3 
NC PB2 
PC6 [417 : PBI 








LICLILILCLICSFU CO CI CC 

NRINGaRHSBATSO 

SSRERBSSSSS8 
Ze27 ida 
ow dt ON -— © 
aaa aqaqaa 
aaa qaaqaaa 
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TECHNICAL DATA MC6805U3 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805U3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro- 
computers. This low cost and high-speed MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manua/.(M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 





















@ Internal 8-Bit Timer with 7-Bit Prescaler e@ Vectored Interrupts 
@ On-chip Oscillator e@ 3776 Bytes of ROM 
@ Memory Mapped I/O @ 112 Bytes of RAM 
@ Versatile Interrupt Handling e@ Self-Check Mode 
@ True Bit Manipulation @ 24 Bidirectional I/O Lines 
@ Bit Test and Branch Instruction 
BLOCK DIAGRAM 
as XTAL  EXTAL RESET iNT 
TIMER Prescaler Courter 
7 8 
PAO 
PAI Accumulator 
i“ ae Port | Data 8 is CPU 
V0 Aes # a index Control 
Lines PAS 9 eg 8 Register x wae PDO 
PAG = PDI 
PAI Condition aa PD2 
Code Port D | PD3 Port D 
5 Register cc input ed Input 
; | PD4 Lines 
Stack p< P05 = 
i IN 
PBO 5 Pointer sp sd 2 
PBI Program 
a4 PB2 Port Data Counter 
PB3 B Dir 4 High PC 
0 ig H 
PB4 Reg Reg 
Lines pgs Program 
PB6 Counter 
PB7 8 = Low PCL PCO 
PC1 
Data | Port Pc2 Port 
Dir Cc PC3 C 
3776 x 8 12 x 8 Reg | Reg pca 1/0 
User ROM RAM — PCS Lines 
192 x 8 PC6 
Self-Check ROM | : ; PC7 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vss is 
ground. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending upon user se- 
lected manufacturing mask option) is connected to these 
pins to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Cy 


EXTAL Rs wTAt 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq. =4.0 MHz @ C, = 24 pF 

Rg =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal: oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, C1, and Rs values. 


: 6 
External XTAL 
Clock — 
5 
Input EAE 


External Clock 





6 


XTAL 
EXTAL 


Approximately 25% to 50% Accuracy 
Typical teyc= 1.25 ps 
External Jumper 


Oscillator Frequency (MHz) 
ys oO F OD Aa Ss @ 
Oo co} fo} Oo Oo oO oO 


as 
°o 





0 10 20 3 40 50 60 70 80 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


Crystal 
The circuit shown in Figure 1 is recommended when 


using a crystal. Using an external CMOS oscillator is rec-. 


ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 





Crystal 








R 


No 
Connection 





Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended Cy, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 


3 





internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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mounted as close as possible to, the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
tOXxOV Or tILCH specifications do not apply when using 
an external clock input. 


TIMER 


This pin is used as an external input to contro! the 


internal timer/counter circuitry. This pin also. detects a 
higher voltage level used to initiate the self-test program. 


RESET 


This pin has. a Schmitt trigger input and an on-chip 
_pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PC0-PC7,PD0- 
PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D bit 6 shares input signal INT2, 
which is used by external interrupts. Port D is a fixed 
input port and not controlled by any data register. Refer 
to PROGRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 


Data Direction 
Register* Bit 


Latched 

Output 

Internal Data Bit 
Connections 


port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write, to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output: (one). Refer to Table 1 for I/ 
O functions and to Figure 3 for typical port circuitry. 


Table 1. I/O Pin Functions 


Data Latched 
Direction Output 


Register Data 
Bit Bit 





**Ports B and C are three state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist. of user ROM, self-check ROM, 
user RAM, a miscellaneous control register (MR), timer 





Figure 3. Typical Port Vo Circuitry and 
Register Configuration 
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1/0 Ports 
Timer” 
RAM 

(128 Bytes) 


Main User 
ROM 
(3768 Bytes) 


Self Check 
ROM 
(192 Bytes) 


Interrupt 
Vectors 





765 43 2 10 


s00 
so 
sos 
so 
soe 
sos 
sos 
sor 
so 
som 
son 


$00B 
Not Used 
(5 Bytes) 
; $00F 
$010 
RAM 
(112 Bytes) 
Stack 
(31 Bytes Maximum) 
$07F 


* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


registers, and |/O. The interrupt and reset vectors are 
located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


_ NOTE | 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers. described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands ‘and results of arithmetic calcu- 
lations or data manipulations. 

7 0 


ar eae 


{INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 


dexed addressing mode. It contains an 8-bit value that 


may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 
ee 








PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 
"1 8 7 0 


PCH || PCL ‘j 








STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 


- the stack pointer is set at location $07F. The stack pointer 


is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


i 0 


54 
fofofojofojiji{ sr 
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CONDITION CODE REGISTER (CC). 


The condition code register is a 5-bit register in which - 


four bits are used to indicate the results of the instruction 
just executed. These bits can be individually.tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 4 ; 
nana 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 


_C (bit 3) for an oscillation of approximately 7 Hz. The 


following test are executed automatically: 

/O0 — Functionally exercise I/O ports; 

RAM — Walking bit test; 

ROM — Exclusive OR with ODD “1st” parity result; 

Timer — Functionally exercise timer; and 

Interrupts — Functionally exercise external and timer 

‘interrupts. 

The RAM and ROM can be called by a user program. The 
Timer test may be called if the timer input is the internal 
clock. Table’2 shows the status of the LEDs as a result of 
a failure. Port C is tested only once (just after reset). If 
port C fails, no lights will appear. 


RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external result input (RESET), and (3) by 








*This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 


Figure:5. Self-Check Connections 
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Table 2. Self-Check Error Patterns 


LED Meani 


ings 


er ire ne rea | noted atoneeen or 


0 
0 
1 
1 
0 
0 


1 
1 
0 
0 
0 
0 


ll Flashing Good 


Bad I/O 

Bad Timer 

Bad RAM 

Bad ROM 

Bad A/D 

Bad Interrupt or Request Flag 





Device 


Anything else Bad Part, Bad Port C, etc. 


an optional, internal, low-voltage detect circuit. The RE-. 
SET input consists mainly of a Schmitt trigger that senses 
the line logic level. 


POWER-ON-RESET (POR) 


An internal reset is. generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power:supply 
voltage. A delay of tnH1 milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES— to provide an internal reset voltage. 





LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (Viv). The only requirement is that the Vcc 
must remain at or below the V_y| threshold for one teyc 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 


teyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset:is removed once the power 
supply voltage rises above a recovery level (VEyR) at 
which time a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt {RO input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external port D bit 
6 (INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) to be set preventing 
additional interrupts. The RT| instruction causes the reg- 
ister contents to be recovered from the stack, and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 





NOTE 


The ‘current instruction is considered to be the one 
already fetched and being operated on. 






1.0 pF 
Typical 








Current 
Limiting 


“me 


POR a 
Delay 
Capacitor 
Charging 
Current () i 
*Di Source 
isable LVI 














Strong 
Discharge 
Device 


© Vcc 








Low Voltage 


(Opt | 
Detector Optone) 








O—1—LVI 
1—-0~*LVR 












Internal 


) > 





Schmitt 
Trigger 


Figure 6. RESET Configuration 
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7 6 5 4 3 2 1 0 Pull 
n n+5 





Push 


* For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 














131 lin CC) 
07F SP 
02 DDRs 

CLR INT Logic 

FF Timer 
7F Prescaler 
7F TCR 
7F >MR 


Put FFE on 
Address Bus 





(TIMER INT) 
TCR? +» TCR6 
MR7 + MR6 
(INT2) 











RESET 
Pin= Low 







Is Fetched 
Instruction 
on SWI? 





RESET 
Pin= High 











Load PC 
From 
FRE/FFF 






Fetch 
Instruction 


Execute 
Instruction 


Stacking Order 


same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. : 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 











Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
Timer or 
INT2: FF8/FFO 









Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 


then loaded into the program counter. At the end of the 


timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. , 





Zero-Crossing Interrupt 


A sinusoidal input signal (fit maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 


(a) Zero-Croasing Interrupt 


ac 





such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock.. 


Digital-Signal Interrupt 

With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twit, tWH-. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the ! bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit- software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR) and mask option register (MOR). 
The 8-bit counter may be loaded under program control 
and is decremented toward zero. When the timer reaches 
zero, the timer interrupt request bit (bit 7) in the timer 
control register (TCR) is set. Refer to Figure 10 for timer 
block diagram. 


(b) Digital-Signal Interrupt 


Vcc. 





TTL 
Level 
Digital 
Input 


Figure 9. Typical Interrupt Circuits 






input (Current 
(finT Max.) _ Limiting) 3\ ing 
Rsi1 ma 
ac Input 
: 0.1-1.0 
210 Vacp-p ae 
Selected by 
TCR4, TCRS 
External 
“Input 
internal 
Clock 
NOTES: 


Selected by TCRO, 
TCR1, TCR2, 





Prescaler 
7 Bits 














Interrupt 
Control 





Write Read Interrupt 


Cleared by. 
TCR3 


Software Functions 


1. The prescaler and 8-bit counter are clocked on the rising edge of the internal clock (phase two) or. external input. 
2. The counter is written to during data strobe (DS) and counts down continuously. 


_ Figure 10. Timer Block Diagram 
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The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) i in the TCR. When the 
| bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MCU responds to this in- 
terrupt by (1) saving the present CPU state on the stack, 
(2) fetching the timer interrupt vector, and (3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER- 
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared: when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. 


SOFTWARE CONTROLLED MODE 


The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TCR4 
and TCR5). The following paragraphs describe the dif- 
ferent modes. 


Timer Input Mode 1 


When TCR4 and TCR5 are both programmed to zero, 
the timer input is from the internal clock (phase two) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur- 
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 


Timer Input Mode 2 

When TCR4=1 and TCR5=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pale: The accuracy of 
the count is +1. 


Timer input Mode 3 
When TCR4=0 and TCR5=1, no prescaler input fre- 


quency is applied to the’ prescaler and the timer is dis- | 


abled. 


Timer Input Mode 4 


When TCR4 and TCRS5 are both one, Ane timer input is 
from the external clock. The external clock can be used 
to count external. events as well as to provide an external 
frequency for generating periodic interrupts. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting-ratio of the 


prescaler, and generating timer interrupt request signal. 
Bit 3 is write oe 


RESET: 
0 1 U U U U U U 
TCR7 — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one se Cs 
1=Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TCR6 — Timer Interrupt Mask 
Used to inhibit the timer interrupt | 
1=Interrupt inhibited 
0=Interrupt enabled 
TCR5 — External or Internal 
Selects input clock source 
' 1=External clock selected 
0=Internal clock selected (fos¢/4) 
TCR4 — TIMER External Enable 
Used to enable external TIMER pin 
1=Enables external timer pin 
0= Disables external timer pin 
TCR3 — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero. 
TCR2, TCR1, TCRO — Prescaler Select Bits 
Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 





INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
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jump to subroutine: (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Load A from Memory ; 
Load X from Memory 


















Store X in Memory. 
Add MemorytoA © i 
Add Memory and Carry to A 


Subtract Memory 
Subtract Memory from A with Borrow. . | sec | 
[ Exclusive OR Memory withA | EOR 
CMP 
:CPX 
BIT 
JMP 
JSR 


Bit Test Memory with A (Logical Compare) 






Jump Unconditional 


Arithmetic Compare X with Memory ; | .cpx | 
Jump to Subroutine 





BRANCH INSTRUCTIONS | | 
This set of instructions branches if a particular condi- 


tion is met; otherwise, no operation is performed. Branch 
instructions. are two byte instructions. Refer to the fol- 
lowing list for branch instructions. . 








Branch Always 





. Branch Never : 
Branch if Higher 


Branch if Lower or Same . : 


[Mnemonic | 


Branch if Carry Clear 









(Branch if Higher or Same) 
Branch if Carry Set , 


BLS 
BCC 
BCS 
(Branch if Lower) (BLO) 
BPL 
BMC | 


Branch if Not Equal 









Branch if Equal. 

Branch if Half Carry: Clear 
Branch if Half Carry Set 
Branch if Plus ; 


Branch if Minus ; i : : 





Branch if Interrupt Line is‘ High : 
[ Branch to Subroutine |S 


| pce | 
| ses 


Branch if Interrupt Mask Bit is Clear 


Branch if Interrupt Mask Bit is Set 


Branch if Interrupt Line is Low 






[Mnemonic | 
[Store AinMemory | sta 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the’ 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. , 


Increment 


Decrement 





























Clear 


[Mnemonic | 
_ ist. 





CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to contro! processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Function Mnemonic 













C 
| 

I 
. 

S 
t 


: Pen 

™ 

i ; SE 
Clear Interrupt Mask Bit CL 
Software Interrupt Sw 








BIT MANIPULATION INSTRUCTIONS . 

: The:MCU is capable of setting or clearing any bit which 
resides in the.first 256 bytes of the memory space where 
all port registers, port-ODRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For. test and branch instructions, the value of 
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the bit tested is also placed in the carry bit of the condition 
code register: Refer to the following list for bit manipu- 


lation instructions. JOH Jot 
‘Branch if Bit n is Set BRSET n (n=0 


=0...7) 

Branch if Bit n is Clear BRCLR n (n=0...7) 
LT) 

0...7) 

















Setpitn Tn in=0 
BCLR n (n=0 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 


the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize.the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywherein the memory 
space. Short indexed accesses are single byte instruc- 
tions while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and Jong ab- 
solute addressing is also included. Two-byte direct ad- 
dressing instructions access al] data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all. memory. ee 8 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 


fined as the address from which the argument for an 


instruction is fetched or stored. : 


IMMEDIATE 


inthe immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g.,:a 
constant used to initialize a loop counter). 


DIRECT. 


in the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. ae 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. © — 


RELATIVE 


The relative addressing mode ‘is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 


tothe PC if, and only if, the branch conditions are true. 
Otherwise, contro! proceeds to the next instruction. The 
span of relative addressing is from. — 126 to + 129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). : 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


in the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports.A, B, and C are. 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un-: 
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used to set 
or clear a DDR bit (all “unaffected” bits would be 
set). It is recommended that all DDR bits in a port 
be written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition:(set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
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Table 3. Opcode Map 





“at 








ott 
rai 


a 


ay 


9 
1001 


1010 


8 
1011 


Cc 
1190 


12) 
1191 





Wt 





















































it 
a 


S| Ls 
x 


























Bit Manipulation | Branch Read-Modify-Write J: Control” 
BTe | _ 6S R DIR INH ! x1 1X INH INH MA 
’ T 4 6 7 8 9 
0000 0010 Oo11- 0100 0101 0110 Qlit 1000 1001 1010 
4 6 4 4 6 
BRSETO BSETO BRA NEG NEG NEG NEG “NEG RTI suB 
q R O'R | 1 INH | 1 iNH x1} x d _iNH | 4M 4 
4 
IBRCLRO " acuno BRN RTS ; CMP 
z REL 1 INH 2 IMM | 2 
BRSET) "eset! BHI BC 
BSC | 2 Ri 4 5 IMM | 2 
4 nN 
BLS COM COMA COMX COM COM SWI CPX 
R _DIR | 1 INH | 1 INH 12 ina IX i] INH 2 IMM. Z : 
4 
BCC LSR LSRA LSRX LSR LSR AND 
a BTB BSC }2 REL | 2 OTR] INH} 1 NHS 2 xd Ix esd + 1MM 2 
IBRCLAD "ectR2 BCS BIT 
g R | 1 l2 IMM 
4 6 7 6 2 4 
'BRSET3 " BseT3 BNE ROR RORA RORX ROR ROR LD 
BSC 12 Ri 2 DIR | 1 INH | 1 INH +4 pal + 1x ; j2 IMM _ {2 
"BCLA3 BEQ ASR ASRA ASRX ASR ASR TAX 
BSC 4 REL OR | INH | 1 iNH 4 Xt t Ix eal i) NH Z 
‘BRSETA " aSeET4 BHCC LSL LSLA LSLX LSL LSL CLC EOR 
BSC 4 Ri iA} ! 1 INH 3 1X1 ¢ Ix ial INK | 2 IMM | 2 
TBRCLRA "acura BHCS ROL ROLA ROLX ROL ROL SEC ADC 
B 2 DIR | 1 INH | 3 iNH pal : 1x 1 INH_ | 2 {MM |. 2 
BRSETS BSETS BPL DEC , DECA DECX DEC DEC. Cll ORA 
BTB a B R DIR INH | 1 INH [| 2 xt jd ix 1 (NH | 2 IMM | 2 
10 
BRCLR5 BCLR5 BM! SEI ADD 
BT 8 REL 17 INH IMM | 2 
10 4 6 Per een See | 7 6 2 
BRSET6 BSET6 BMC INC INCA INCX INC INC RSP 
3 BTB 2 B 2 fi \ INH 1 1NH 2 
Q 
BRCLAE BCLR6 NOP BSR 
a 4 BSc 2 1 INH 3 REL z 
BRSET7 BSET7 LOX 
if Bsc 2 j2 mm] 2 
10 7 v4 2 
BRCLR? BCLR7 TXA 
3 BTB | 2 BSC | 2 1 ‘NH 2 









































Abbreviations for Address Modes 


INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
1X4 
1X2 


Inherent 

Immediate 

Direct — 

Extended 

Relative 

Bit Set/ Clear 

Bit Test and Branch 
Indexed (No Offset} 


Indexed, 1 Byte (8-Bit). Offset 
Indexed, 2 Byte (16-Bit) Offset 


# of Cycles 
Mnemonic 
Bytes 








2 
: = 
ro] ; 


alt 


JMP 


x 


x 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 


ENGOS9DIN 
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The signed relative 8-bit offset in the third byte is added 

to the PC if the specified bit is set or cleared in the spec-. 
ified memory location. This single three-byte instruction 

allows the program to branch based on the condition of 

any readable bit in the first 256 locations of memory. The 

span of branching is from — 125 to + 130 from the opcode 

address. The state of the tested bit is also transferred to 

the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well. as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 






















in 
Operating Temperature Range Ta TL to Ty 
MC6805U3 0 to 70 
MC6805U3C —40 to +85: 
MC6805U3V —40 to +105 


-—55 to + 150 


Storage Temperature Range 


Junction Temperature 
Plastic 
PLCC 

Cerdip 








THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Plastic (P Suffix) 
PLCC (FN Suffix) 
Cerdip (S Suffix) 







8A 
60 


60 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Ta+ (Pp 8ya) (1) 


where: 
Ta = Ambient Temperature, °C 
OYA: = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Pp = Pint +Pport 
PINT - =!cecVecc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
: Watts — User Determined | 


Symbol 
Supply Voltage ; -0.3 to +7.0 Vv 


Input Voltage . Vi, —0.3 to +7.0 
Self-Check Mode (TIMER Pin Only) -0.3 to + 15.0 






This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit: For proper operation, it is recom- 
mended the Vip and Voyt be constrained to 
the range Vss < (Vin or Vout) = Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vssg or Vcc). 












V 
°C 





°C/W 








For most applications PportT<Pin7z and can be ne- 
glected. PPoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 

Pp=K-+(Ty+273°C) 

Solving equations (1) and (2) for K gives: 

K=Pp * (Ta + 273°C) + 0 AsPD2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
{at equilibrium) for a known. T,. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any, value of T,. 


(2) 
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ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, TA=TL to Ty, unless otherwise noted) :- 


Characteristic. 


ee High Voltage 
SET (4.75 < Vcc < 5.75) 
Vcc < 4.75) 
INT (4.75 < Vcc <5. 75) 
(Vcc < 4.75) 
(All Other (Except Timer) 


























‘Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 
INT 

All Other 


RESET Hysteresis Voltages 


“Qut of Reset” VIRES + 
“Into Reset” VIRES — 
































INT Zero-Crossing Voltage, Through a Capacitor VINT 
Input Capacitance 


Internal Power Dissipation — (No Port Loading, Ta =0°C PINT 
XTAL 













Vcc = 5.75 V for Steady-State Operation) Ta = — 40°C 
All Other aE 


Low Voltage Recover VLVR_ 











Low Voltage Inhibit VLVI 









Input Current 
TIMER (Vin = 0.4) 
INT (Vin =2.4 V to Vec) 
EXTAL (Vin =2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
_ RESET (Vjp =0.8.V) 
(External Capacitor Charging Current) 























*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 


SWITCHING CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vde, Vgg =0 Vdc, TA=TL to TH) 















































Characteristic [symbol Min Typ ! Max. =] Unit 

Oscillator Frequency fosc 0.4 — 4.2 MHz 
Cycle time (4/fosc) ; __teye 0.95 _ 10 ak Ms 
INT, INT2, and TIMER Pulse Width | tWL. twH_| teyc +250 — —— ns 
L HSE! Pulse Width {| tRWL teye +250 ae [_ =as =| ns 
RESET Delay Time (External Capacitance = 1 uF} _|_tRHL = 100 fers ms 
INT Zero-Crossing Detection Input Frequency Il fINT 0.03 = 1.0 = kHz 
External Clock Input Duty Cycle (EXTAL) _ 40 50 =i 60 % 
Crystal Oscillator Start-Up Time | _ _ — 100 LL ms 
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PORT ELECTRICAL CHARACTERISTICS (Vcc = + 5.25 Vde + 0.5 Vdc, Vgg =0 Vdc, Ta=TL to Ty, unless otherwise noted) 
_ Characteristic | symbol | min | typ | Max | unit | 
Port A with CMOS Drive Enabled 
oO 


OH 
Output High Voltage, ILoad=—-10 pA OH 


< 


Output Low Voltage, ILoad= 1.6 mA 


< 


< 
~ 


2.4 
Vcc -1.0 


Output High Voltage, I_oad= — 100 pA 


ed 
°o 
OQ 
oO 


Input High Voltage, ILoad = — 300 pA (max.) 


= 
x 


Input Low Voltage, ILgaq= — 500 pA (max.) VIL Vss 
Hi-Z State Input Current (Vin =2.0 V to Vcc) 
Hi-Z State Input Current (Vip =0.4 V) UL 


; 


Port B 
Output Low Voltage, ILgad=3.2 mA VOL 
Output Low Voitage, ILgaq=10 mA (Sink) VOL 


[Darlington Current Drive (Source), Vo=15V | ton | 
Input High Voltage : 
Vss 
Hi-Z State Input Current 


Port C and Port A with TTL Drive 


Output High Voltage, ILoad = — 100 pA 
Input High Voltage ; 
VIL 


3 
> 





N N 
Oo 


< 
Q 


h 


< 
i=) 


A 
nN 
i 





Output Low Voltage, ILpaq=1.6 MA 


Input Low Voltage Yvan | Vs 
Hi-Z State Input Current ITSI 


Port C (Open-Drain Option) 
Input High Voltage PCO-PC6 VIH 
Input High Voltage PC7 
Input Low Voltage 


A 


ND TN 

n|C lF 
— 
w 
oO 


= 
=z 
< 
9) 
ro) 


Input Leakage Current (Vjn = 13.0 V) Lop 


Output Low Voltage ILogq=1.6 mA VOL 


=< 
fad 
</rmlny 


A 
= 


Port D (Digital Inputs Only) 
VIH 


Input High Voltage Vec 


Input Low Voltage 


+f 





Input Current 


A 
: 
> 


=< 
- 
< 
on 
a) 
oS 
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Voc =5.75 V 







MMD6150 
or Equiv. 


Test. 


Point 1.45 kO 


40 pF ; 
(Total). MMD7000 


or Equiv. 


Figure 11. TTL Equivalent Test Load 











(Port B) 
Vcc =5.75 V 
Test MMD6150 
Point or Equiv. 
2.91. kQ 
30 pF MMD7000 
(Total) or Equiv. 


Figure 13. TTL Equivalent Test Load 


(Ports A and C) 
Voo 
Port A CMOS 


@e Pullup Option 


Port C Open-Drain 
Option 







ail 






| 


"Port DDR 
Port Data 


{P = Input Protection 


To 1/0 Logic 





Figure 17. Typical Input Protection 


30 pF (Total) 


Test Point ana 


Figure 12. CMOS Equivalent Test Load . 
(Port A) 7 


Vcc =5.75 V 
3.34 ki? 


Test 
Point 





T 30 pF (Total) 


Figure 14. Open-Drain Equivalent Test Load 
(Port C) 


VDD 






1—10k Typ. 


PB DDR 
PB Data 


IP = Input Protection 


Figure 16. Port B Logic Diagram 


<_—_ 


Test Point 


Vary V, 
Measure | 





Figure 18. I/O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file — 

MS-DOS/PC-DOS disk file 

EPROM(s) MC68705U3, 2532, 2732, or two 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer’s pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. . 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs . 


A MC68705U3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer’s program 
(positive logic sense for address and data) may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705U3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


For the 2532, 2732, or MC68705U3, the ROM code should 
be located from $080 to $F37 and the interrupt vectors 
from $FF8 to $FFF, For the 2516s or 2716s, the ROM code 
should be located from $080 to $7FF in the first EPROM 
and from $0 to $737 in the second EPROM. The interrupt 
vectors should be in the second EPROM. from $7F8 to 
$7FF. i 


.: EPROM MARKING 








2nd 
2516/2716 


wo ij 
= So 
~ os oc 
ae Nw 
23 ae 
ip 8 2 
N wo 


o 
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xxx = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer’s mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at room temperature and at five volts. These RVUs are 
free with the minimum order quantity but are not pro- 
duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC6805U3. 


Table 5. Generic Information 

Package Type Order Number 
Plastic 0°C to 70°C MC6805U3P | 

(P Suffix) -— 40°C to +85°C | MC6805U3CP: 
Cerdip =-O°C to 70°C MC6805U3S 

S Suffix — 40°C to +85°C | MC6805U3CS 
PLCC 0°C to 70°C MC6805U3FN 

FN Suffix —40°C to +85°C | MC6805U3CFN 











IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


MC6805U3 


MECHANICAL DATA 


Dual-in-Line Package 


4of]PA7 
so pac 
38 T]PAS 
370 PA4 
361] PAB 
PA2 
“34 f}PA1 
33 Pao 
32f P87 
NP B6 
30 [7 PBs 
29f] Pea 
28 f] PB3 
27) PB2 
26f1PB1 
-25f1PpBo 
2411 P00: 
23fPD1 


22] PD2. 
211] POS . 





PLCC Package 





PA3 
PA2 
PA1 
PAO 
PB7 
PB6 
PBS 
PB4 
PB3 
PB2 
PB1 
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TECHNICAL DATA MC68705P3 


Technical Summary 
8-Bit EPROM Microcomputer Unit 


The MC68705P3 (High-Density NMOS) Microcomputer Unit (MCU) is an EPROM member of the 
MC6805 Family of microcomputers. The user programmable EPROM allows program changes and 
lower volume applications. This low cost MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

























@ Interna! 8-Bit Timer with 7-Bit e@ Bit Test and Branch Instruction 
Programmable Prescaler @ Vectored Interrupts 
@ On-chip Oscillator ® Bootstrap program in ROM 
@ Memory Mapped I/O e 1804 Bytes EPROM 
@ Versatile interrupt Handling @ 112 Bytes RAM 
@ Bit Manipulation @ 20 TTL/CMOS Compatible Bidirectional !/O Lines 
BLOCK DIAGRAM 
XTAL EXTAL RESET INT 
Timer/ 
TI V 
eo, 
PBO 
Accumulator PBI 
8 A PR2 Port 
CPU Data Port PB3 B 
Index Control Dir B PB4 1/0 
Register Reg | Reg PB5 Lines 
PAO 2 z PB6 
PAI Condition PB7 
Port pag Port | Data Code 
A PAB A Dir 5 Register cc 
1/0 PA4 R R 
PA6 Pointer ~ 
PA7 § SP p Pco.._- Port 
Program . Data ort PCI Cc 
Counter Dir c Pc2. 1/0 
1804 X 8 Bs OR PCH Reg | Reg PC3 Lines 
EPROM Program 
Counter 
Bootstrap ROM 112X%8 
RAM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss . 

_ Power is supplied to the microcomputer using these 
two. pins. Vcc is +5.25 volts (+0.5A) power, and Vssg is 
ground. 


Vpp 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 

This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by the CLK 
bit in the mask option register. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fogc is shown in Figure 2. 


Crystal 
The circuit shown in Figure 1 is recommended when 


using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 







(Crystal Option, 
MOR b7=0, 
See Note 1) 


Clock 
Input 


(See Note 2) 


Crystal 


Crystal Parameters Cy 


EXTAL Ly Rs XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max. 

Freq= 4.0 MH2@C, = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, Cy, and: Rg values. 


NOTES: 





_ XTAL 
External = 4 
EXTAL 


8.0 
7.0 
6.0 
5.0 
40 
3.0 


2.0 


Oscillator Frequency (MHz) 


1.0 


0 10 20 30° 40 50 60 70 80 
Resistance (kQh 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option only 


are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 
This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 






MCU 
(Crystal Option; 
MOR b7=0, 
See Note 1) 










(RC Option, 
EXTAL MOR b7=1, 
See Note 1) 


Approximately 25% to 50% Accuracy 
Typical teyc = 1.25 ys 
External Jumper 


External Clock 


Vcc 
XTAL 





MCU 
: (RC Option, 
No EXTAL MOR b7=1, 
Connection See Note 1) 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


1. When the TIMER input pin is in the Viytp range (in the bootstrap EPROM programming mode), the crystal option is forced. 
When the TIMER input is at or below Vcc, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended C, value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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higher voltage level used to initiate the bootstrap pro- 
gram. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. Refer 
to RESETS section for more detail. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PC0-PC3) 


These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). Ail lines are programmable as 
either inputs or outputs under software contro! of the 
data direction registers. Refer to PROGRAMMING for ad- 
ditional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DDR); DDRs always read ‘1’. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR te a logic 1 for output 


anda logic 0 for input. On reset, aff the DDRs are initialized. 


to a logic 0 state to put the ports in the input mode. The 













Data 
Direction Register 
Bit* 


2) 
B 6 Latched 
£6 Output 
2 e Data 
ar) Bit 
s) 
*DDR is a write-only register and reads as all ‘’1s’’. 
7 PORT DATA REGISTER 0 





Port A Addr= $000 
Port B Addr= $001 
Port C Addr = $002 (Bits O—>3) 


port output registers are not initialized on reset and should 
be written to before setting the DDR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (0) and also the latched output when the 
DDR is an output (1). Refer to Table 1 for I/O functions 
and to Figure 3 for typical port circuitry. 


Table 1. I/O Pin Functions 


" Data 
Direction 
Register 


Output 
Bit i State 





**Ports A (with CMOS drive disabled), B, and C are three state 
ports. Port A has optional internal pullup devices to provide 
CMOS drive capability. See Electrical Characteristic tables for 
complete information. 









PORT DATA DIRECTION REGISTER (DDR) 





(1) Write Only; reads as all “1s" 
(2) 1= Output; O= Input. Cleared to 0 by reset. 
" (3) Port A Addr= $004 : 

Port B Addr= $005 - 

Port C Addr= $006 (Bits O-—-3) 


Figure 3. Typical Port V/O. Circuitry and Register Configuration 
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MEMORY 


The MCU is capable of addressing 2048 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
RAM, a mask option register (MOR), a program control 
register, and |/O. The interrupt vectors are located from 
$7F8 to $7FF. The bootstrap is a mask-programmed ROM 
that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. _ ee 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


000 







1/0 Ports Timer 







‘and 
280 Zero RAM” 
ccess with 
Short. }. 127 (128 Bytes) SO7F 
Instructions 128] Page Zero 080 
a User EPROM 
2 (128 Bytes) 


* Main User 
EPROM 
(1668 Bytes) 











Mask Option Reg 





Bootstrap 
~ ROM 
(115 Bytes) 








Timer Interrupt 
ea - External Interrupt 
Interrupt 2043 

Vectors 20444 


Swi 
me ee ae ee eg 87 FD 
$7FE 


2047 ' Reset S7FF 















Pas _ 9 
INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 “ 0 
PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 


10 8 7 0 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 


7665 4 32 1 0 











$000 
$001 
$002 
$003 


{o} 


Port A 
Pot 8B |. 
17411 Port C 
Not Used 
Port A DDR * $004 
Port B DDR* $005 
11 4 1 }PortCODR] $006 
Not Used $007 
$008 
$009 
$00A 

































Timer Data Reg 






OO Ons OO OF & WD NY | 





Timer Control Reg 





Not Used 


Programming 
Control Reg 














$00B 








$00C-00F 
$010 


Not Used 















_ (112 Bytes) 
Stack 
(31 Bytes Maximum) 





SO7F 





Caution; Data Direction Registers (ODRs) are write-only; they read as SFF. 


Figure 4. Memory Map 
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The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

0 


10 6 4 
fofofofofifs] se 
CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
palin [zc | 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt. (t) 


- ‘When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. , 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 


allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 5) Wplcally provides 
suinciont delay. 





1.0 uF 





Figure 5. Power-up RESET Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


INTERRUPTS 


The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt-request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts.cause the processor registers to be saved on 
the stack and the interrupt..mask ‘(| bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched ane being operated on. 


@ 5 
a 
Code Register 
| 
Push 


*For Zabreuiting: calls, only PCH and PCL are stacked. 


Pull 













n+1 





n+2 


n+3 


n+4 


n+5 


Figure 6. Interrupt Stacking Order 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to.$00), 












1! Bit (in CC) Clear 


O7F -—SP 
0--DDRs 
CLR INT Logic 
FF-=Timer 
7F —Prescaler 
7F-—TCR 








Put 7FE on 
Address Bus 






Fetch 
Instruction 






RESET } : : 
oeaee RESET fs Fetched 
Instruction 

a SWI? 


Load PC 


from 
7FE/7FEF 





Execute All 
Instruction 
Cycles 





an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer. interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program. counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state’ 
and starts executing the interrupted program. : 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. Clearing the | bit 
enables the external interrupt. The following paragraphs 
describe two typical external interrupt circuits. 















lear Stack 
INT PC, X, A, CC 
Request 


Latch 


Load PC From: 
SWI: 7FC/7FD 


INT: 7FA/7FB 
TIMER: 7F8/7F9 








PC+PC+1 


Figure 7. Reset and interrupt Processing Flowchart 
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Zero-Crossing . 


A sinusoidal input signal (fINT aur can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip; full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides: a 2f clock. 


Digital- Signal, Interrupt - 

With this type of circuit (Fibure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT. pin 
logic is dependent on the parameter, labeled twi, twH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. !f the | bit 


(a) Zero-Crossing interrupt 


ac 


(Current 
iatgh Limiting) 
(fINT Max.) 2.) INT 
Rs1Ma MEU 
ac Inputs 0.1-1.0 


10 Vae pp... 





is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. Various timer sources are made via the timer con- 
trol register (TCR). The 8-bit counter may be loaded under 
program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) i is set. Refer to Figure 
9 for timer block diagram. 

Timer interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. When the | bit 
in the condition code register is cleared, and TCR bit 6 is 
cleared, the processor receives the interrupt. The MCU 
responds to this interrupt by 1) saving the present CPU 
state on the stack, 2) fetching the timer interrupt vector, 


(b) Digital-Signal Interrupt 





Figure 8. Typical Interrupt Circuits 








{CIN 












7-Bit Prescaler Select 
1-0f-8 


| Clear 


b7 | b6 | bS | -b4 | b3 | b2 ] b1 | 60 
Timer Control Register (TCR) 
TIR]TIMY TIN] TIE [PSC]PS2FPS1 {PSO 


Microcomputer Internat Bus 
Write Read 






EPROM 











EPROM Byte 
Mask Option Register (MOR) 





CLKITOPTICLS} TIE P27 P1} PO 





Timer 
Interrupt 
Request 


Figure 9. Timer Block: Diagram 


MOTOROLA MICROPROCESSOR DATA 


3-574 





MC68705P3 


and 3) executing the interrupt routine. Timer interrupt 
request bit must be cleared by software. Refer to RESETS 
and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid. truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, TCR bit 3 always reads as a logic 0 
to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. TDR is unaffected by reset. 


SOFTWARE CONTROLLED MODE 


The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TIE 
and TIN). The following paragraphs describe the different 
modes. 


Timer Input Mode 1 


When’ TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase 2) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 


When. TIE=1 and TIN=0, the internal clock sie the 
timer input signals are ANDed.to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external: pulse. The accuracy of 
the countiis +1. Ks 


Timer input Mode 3 


When TIE =0 and TIN =1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 | 


When TIE and TIN are both one, ‘the timer input is from 
the external clock. The external clock'can be used to count 
external events as well as to provide an external fre- 
quency for generating penocle interrupts. 


MOR CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic 1. The timer circuits are the same 
as. described in SOFTWARE CONTROLLED MODE. The 
logic levels of TCR bits 0, 1,2, and 5. are determined 
during EPROM programming by the same bits in the MOR: 
Therefore, bits 0, 1, 2, and 5 in the MOR control the. pres- 
caler division and the timer clock selection. TIE (bit 4),and 
PSC (bit 3) in the TCR are set to a logic 1 when in the 
MOR controlled mode. TIM :(bit 6) and TIR (bit -7) are 
controlled by the counter and software. . 


TIMER CONTROL REGISTER (TCR) $009- 


This is an 8-bit register that controls various.functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. When the MOR 
TOPT =1, then bits 5, 2, 1, and 0 in the TCR take on the 
eta Bs of ae MOR oe reset. 


Cet 


RESET: 
0 1 U U 


TCR with MOR TOPT=1 (MC6805P2/P6 Emulation) 





Cama eT e[[[ 


RESET: 
0 1 


TCR with MOR TOPT =0 (Software Programmable Timer) 


TIR — Timer Interrupt Request 4. 
Used to indicate the timer interrupt when it is logic 
sine 3 
1=Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt. 
1=Interrupt inhibited 
0= Interrupt enabled 
TIN — External or Internal 
- Selects input clock source 
1=E€xternal clock selected 
0=Internal:clock selected (fogc/4) 


TIE — TIMER External Enable . 
Used to enable external TIMER pin 
1=Enables external timer pin 
0=Disables external timer pin 


PSC — Prescaler Clear * , 
Write only bit. Writing a 1 to this bit resets the pres- 
’ caler to zero. A read of this location always indicates 
a zero. 


PS2, PS1, PSO — Prescaler Select Bits 
Decoded to select one of eight outputs of the pres- 
caler 


1 (Bypass Prescaler) 
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MASK OPTION REGISTER (MOR): 


The MOR is implemented in EPROM and contains all 
zeros prior to programming. This register is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 


Sera CAT a 


CLK — Clock (oscillator type) 
1= Resistor Capacitor (RC) 
0=Crystal 
TOPT — Timer Option 
1 = MC6805P2/P6 type timer/prescaler. All bits ex- 
‘cept 6 and 7 of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805P2/P6 mask options. 
0=All TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
= Internal clock 
TIE — Timer External Enable 
Not used if TOPT =1. Sets the initial value of TIE in 
the TCR if TOPT=0. 
1=Not used 
0=Sets initial value of TIE in the TCR 
P2, P1, PO , . 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 





PROGRAMMING CONTROL REGISTER (PCR) 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming, so 
the user need not be concerned with PCR in most appli- 
cations. 


7 6 5 OS. 3. 2 1 0 

Pa ft fs Tt [it [iron | Poe | me 
RESET: 
U 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 
' -1=Read EPROM 
_____ 0=Latch address and data on EPROM 
PGE:— Program Enable 
' Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=I!Inhibit EPROM programming 
0=Enable EPROM programming (if PLE is ; low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the the Vpp 
pin. When set to “1”, disconnects PGE and PLE from 
the chip. 
1=No high voltage on Vpp pin 
0=High voltage on Vpp pin 


NOTE 


VPON being “0” does not indicate that the Vpp level 
is correct for programming. It is used as a safety 
interlock for the user in the normal operating mode. 


VPON | PGE | PLE | Programming Conditions 


ae Programming Mode (Program EPROM 


Byte) 


| 0 _| PGE and PLE Disabled from System_| 

a 
and Data in EPROM) 

717] oa ona PLE Diabied fom Smt | 

| o | o | 1 [invalid State: PGE=0 ifPLE=0 | 


| 1 | 0 | 1 |tnvalid state: PGE=oifPLE=0 | 
pe ff “High Voltage” on Vpp 


PGE and PLE Disabled from. System 
(Operating Mode) : 


EPROM PROGRAMMING 

















PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU. EPROM. 

A 2764 UV EPROM must first be programmed with the 
same information that is to be transferred to the MCU 
EPROM. Refer to application note, MC68705P3/R3/U3 
8-bit EPROM Microcomputer Programming Module 
(AN-857 Rev 2) for a schematic diagram and instructions 
on programming the MCU EPROM. 


EMULATION 


The MC68705P3 emulates the MC6805P2 and MC6805P6 
“exactly.” The MC6805P2/P6 mask features are imple- 
mented in the mask-option register (MOR) EPROM byte 
on the MC68705P3. A few minor exceptions to the ex- 
actness of emulation are listed below: 


- 1. The MC68705P2/P6 Hfyitirs ROM” area is imple- 
mented in the MC68705P3, and these 704 bytes must 
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be left unprogrammed to accurately simulate the 
MC6805P2/P6. The MC6805P2/P6 read all “Os” from 
this area. 


2. The reserved ROM areas in the MC6805P2/P6 and 
the MC68705P3 have different data stored in them. 
This data is subject to change without notice. The 
MC6805P2/P6 use the reserved ROM for the self- 
check feature, and the MC68705P3 uses this area for 
the bootstrap program. 


3. The MC6805P2/P6 read all ‘‘1s’’ in its 48-byte ‘future 
RAM” area. This RAM is not implemented in the 
MC6805P2/P6 mask ROM versions but is imple- 
mented in the MC68705P3. 


4. The Vpp line (pin 6) in the MC68705P3 must be tied 
to Vcc for normal operation. In the MC6805P2/P6, 
pin 6 is the NUM pin and is grounded in normal 
operation. ‘ 


5. The LVI feature is not available in the MC68705P3. 
Processing differences are not presently.compatible 
with proper design of this feature in the EPROM 
version. ee 


The operation of all other circuitry has been exactly 
duplicated or designed to function identically in both de- 
vices including interrupts, timer, data ports, and data di- 
rection registers (DDRs). A design goal has been to provide 
the user with a safe, inexpensive way to verify a program 
and system design before committing to a factory pro- 
grammed ROM. 


INSTRUCTION SET 


The MCU has.a set of 59. basic instructions-which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use. two.operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump. unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Add Memory and Carry to A ce 
Subtract Memory a yet 2s ; 


— Continued — 





[Mnemonic 


















Subtract Memory from A with Borrow 


ae ee 
excuse OR Memowy wih —~«dt~ OR 
i BIT 
JMP 


Arithmetic Compare X with Memory ; 


Bit Test Memory with A (Logical Compare) 
Jump Unconditional 





Jump to Subroutine 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


Increment | 


L 





















NC 
EC 
LR 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte. instructions. Refer to the fol- 
lowing list for branch instructions. 


Branch Always oa, BRA. 
Branch Never ae os, BRN 


Branch: if Higher .. - ; ob 


Branch if Lower or Same 
Branch if Carry Clear a BCC 























- (Branch if Higher or Same) ; (BHS) 
Branch if Carry Set ds Bes 
(Branch if Lower) (BLO). 

— Continued — 
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(Branch if Higher or Same): 


[Branch fNotequal ne 
[ranch equal SSSCSC~wrSCi 
[Branch ifhatf Cary Gar ideo 
French it ins SSS 
[ranch if tert Mask itis Set_‘| ame 

aH] 

as] 










Branch if Interrupt Line is Low 
Branch if Interrupt Line is High 
Branch to Subroutine 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
‘gram execution. Refer to the following list for control 


instructions. 
Transfer A to X ; 
Transfer X toA j 
Set Carry Bit 
Clear Carry Bit 




















| Reset Stack Pointer | RSP 
[.No-Operation NOP 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
‘struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 





code register. Refer to the following list for bit manipu- 
lation instructions... - 


__.__Funetion |_Mnemonic 
Branch if Bit n is. Set 
Branch if Bit n is Clear : 
Set Bit n | 
Clear Bit n “2 


OPCODE MAP SUMMARY 


Table 2 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short. and long ab- 
solute addressing is also included. Two byte direct ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte: Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in. branch 
instructions. In relative addressing, the contents-of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
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Table 2. Opcode Map 





_ Manip ulation Branch 


Read-Modi 


-Write contrat 








BSETO OM, 
” BCLAO BRN 
BSET! "BH 


i 








0101 









































ee 






































IBRSET2 " BSETZ 
‘BRCLRD * BCLA2 a 
6 a : 
‘BRSETS " aSeT3 ROR RORA RORX 
aR pin | 1 INH pa a IX 
4 6 4 7 6 
IBRCLAS " @cuRs BEQ ASR ASRA ASRX . ASR ASR 
Bly REL 4 DIR t iNH INH : {X11 ¢ Ix 
SBRSETS " BSET4 “BHCC LSL LSLA LSLX LSL LSL. 
DIA 4 INH INK | 2 xt | Ix 
6 7 6 
BRCLRE ” aCLRA " BHCS ROL ROLA ROLX ROL “ROL 
2 4 INH INH 2 iba y IX 
BRSETS " BSETS BPL DEC “ DECA DECX DEC DEC 
R INH INH | 2 1X1 1 Ix 
ra. BRS. "BCLRS BMI 
REL 4 
6 a 7 a 
REL 2 1 INH 2 al + 1X 
op BAELNS. " BCLAG BMS TST TSTA TSTX TST | TST. 
R DIR | i (NH INH | 2 xt | 4 1x 
Beak BRSET7. " BSeT? Bil, | 
4 6 Ws 6 
Rak enc “OCLR? BIH CLR , CLRA “ CLAX ai CLR CLR 
Ww 2 Rev | 2 OIR 2 pa fa 1x 











Abbreviations for Address Modes 


INH Inherent 
IMM Immediate 
DIR Direct 


EXT Extended 

REL Relative 

BSC Bit Set/ Clear 

BTB Bit Test and Branch 

IX Indexed (No Offset) 

x1 Indexed, 1 Byte (8-Bit) Offset 
1X2 Indexed, 2 Byte (16-Bit) Offset 





# of Cycles 
Mnemonic 
Bytes 











PPEEEEEPEEEFH 


O11) 


1100. 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or |/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 


the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including !/O, can 
be selectively set or cleared with a single 2-byte instruc- 
tion. 


CAUTION - 


The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers always 
returns “1”’. Since BSET and BCLR are read-modify- 
write functions, they cannot be used to set or clear 
a DDR bit (all “unaffected” bits would be set). It is 
recommended that all DDR bits in.a port be written 
using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test.and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as weil as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


| Rating [Symbol | Value | Unit 
| 


Input Voltages 
EPROM Programming ‘Voltage 
(Vpp Pin) 
TIMER Pin (Normal Mode) 
TIMER Pin (Bootstrap 
Programming Mode) 
All Others 


Operating Temperature Range Tr to Ty 
0 to +70 


Storage Temperature Range —55 to +150 


Junction Temperature 
Cerdip 


THERMAL CHARACTERISTICS 


Thermal Resistance 
Cerdip 


POWER CONSIDERATIONS 














-0.3 to +22.0 
-0.3 to +7.0 










—0.3 to + 15.0 
-0.3 to +7.0 
















This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, normal pre- 
cautions be taken to avoid application of any 
voltage higher than maximum-rated volt- 
ages to this high-impedance circuit. For proper 
operation, Vin and Vout should be con- 
strained to the range Vsg < (Vjn or Vout) < 
Vcc. Reliability of operation is enhanced if 
unused inputs except EXTAL are tied to.an 
appropriate logic voltage level (e.9., either 


Vgs or Vcc). 





The average chip-junction temperature, Ty, in °C can 
be obtained from: 
Ty=Tat+(Pp* 8ya) (1) 
where: 
Ta =Ambient Temperature, °C 
8jA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Pp =Pint+Pyo 
Pint =!cc Vcc, Watts - Chip Internal Power 
Pio. = Power Dissipation on Input and Output 
Pins — User Determined 









Vcc =5.75 V 
Test *MMD6150 
Point or Equiv 





15k2 


40 pF 


(Total) 


1.25kQy nmMD7000 
¢ or Equiv 


Figure 10. TTL Equivalent Test Load 
(Port B) 


Test Point dE: 


For most applications P|;Q<Piy7z and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pio is neglected): 


Pp=K+(Ty+273°C) ~ 42) 
Solving equations (1) and (2) for K gives, 
K=Pp * (Ta +273°C) +65, ° Pp2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. , 








Vcc =5 75V 
Test MMD6150 


oo ON EQUN 725 97 KG 


MMD7000 
or Equiv. 


30 pF 
(Total) 


Figure 12. TTL Equivalent Test Load 


(Ports A and C) 
30 pF (Total) . 


Figure 11. CMOS Equivalent Test Load 
‘(Port A): : 
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ELECTRICAL CHARACTERISTICS (Vcc =5.25 +0.5 Vdc, Vgg =0 Vdc, Ta=0°C to 70°C, unless otherwise noted) 


| haractaristic | Symbol | min | Typ | Max | Unit 


Input High Voltage VIH 
RESET (4.75 < Vcc < 5.75) 
(Vcc_< 4.75) 
INT (4.75 < Vcc < 5.75) 
(Vcc < 4.75) 
All Other © 


Input. High Voltage (TIMER Pin) 
Timer Mode 
Bootstrap Programming Mode 























Input Low Voltage 
RESET 
INT 

All Other 


internal Power Dissipation (No Port Loading, Vcc =5.25 V, PINT 
Ta=0°C) 


Input Capacitance 
XTAL 
All Other 


INT Zero-Crossing Voltage, through a Capacitor VINT 


RESET Hysteresis Voltage 
Out of Reset Voltage 
Into Reset Voitage 






















VIRES + 
VIRES — 












Programming Voltage (Vpp Pin) 
Programming EPROM 
Operating Mode 





Input Current : 
TIMER (Vin =0.4 V) 
INT (Vin =0.4 V) 
EXTAL (Vin =2.4 V to Vcc Crystal Option) 

(Vin =0.4 V Crystal Option) 
RESET (Vjn=0.8V) 
(External Capacitor Changing Current) 


< 
~ 
v 

* 


*Vpp is pin 6 on the MC68705P3 and is connected. to Vcc in the normal operating mode. In the MC6805P2, pin 6 is NUM and is 
connected to Vsg in the normal operating mode. The user must allow for this difference when emulating the MC6805P2 ROM- 
based MCU. ; 

**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 


Vcc 


RESET 
Pin 


Internal 
Reset 





Figure 13. Power and Reset Timing 
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PORT DC ELECTRICAL CHARACTERISTICS (Vcc = +5.25 +0.5 Vdc, Vgg=0 Vdc, Ta =0° to 70°C, unless otherwise noted) 






: 


Characteristic yp 






. 
° 
a 


Output Low Voltage, ILpad=1.6 mA 


Output High Voltage, ILoad= — 100 uA | von | 24 
Output High Voltage, ILoad= — 10 nA . VoH Vec —10 


Input High Voltage, Load = — 300 wA (Max) Vy | 20 | — | Vee +07 


Input Low Voltage, ILoad= — 500 pA (Max) VIL Vss 


Hi-Z State Input Current (Vjpj = 2.0 V to Vcc) | om | — | 
Hi-Z State input Current (Vip, =0.4 V) a aa 


Output Low Voltage, I_gad=3.2 mA 


J 


= 





é 
Oo 
- 
; 


Output Low Voltage, ILoad=10 mA (Sink) VOL. 


Output High Voltage, I_oad= — 200 pA VOH 
Darlington Current Drive (Source), Vo=1.5 V IOH 
Input High Voltage VIH 


< 
- 
‘ 
Se) 
” 


Input Low Voltage 
Hi-Z State Input Current ITSI 





Output Low Voltage, ILgad=1.6 mA - VoL 
H 


Vo 
Vin 
|InputlowVoltage | CT ss | | | 
[| HizState input Curent | ss | Ot 


SWITCHING CHARACTERISTICS (Vcc= +5.25 +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


are" eae Ee 


Oscillator Frequency fosc Ie age 
Normal ‘ 
Instruction Cycle Time (4/fogc) te . | oso | — | w | 
[INT or Timer Pulse Width (See Interrupt Section) | twi tw | toye+260 | — | — 
[RESET use Wiah sta tet | | | 
| RESET Delay Time (External Cap=1.0uF) | ta | 00, | | ms 
.03 


INT Zero Crossing Detection Input Frequency fINT 
































External Clock Duty Cycle (EXTAL) | 4 | so | o | 


PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS (Vcc= +5.25 +0.5 Vdc, Vss =0 Vde, Ta = 20° to 30°C, unless 
otherwise noted) 


: Characteristic 
Programming Voltage (Vpp Pin) 


Vpp Supply Current 
Vpp=5.25 V 
Vpp=21.0 V 


Programming Oscillator Frequency 


Bootstrap Programming Mode: Voltage (TIMER Pin) lj, = 100 
pA Max 
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Port DDR 
Port Data 






iP =Input Protection 


Figure 14. Port A Logic Diagram 


Vcc 





Port DDR 
Port Data 


IP =Input Protection 


Figure 15. Port B and Port c Logic Diagram 


s | 
Test Point <———— 





PAD To I/O Logic 
& Vary V, 
= Measure | 
Figure 16. Typical Input Protection Figure 17. /O Characteristic 


Measurement Circuit 
-ORDERING INFORMATION 


The following table provides generic information pertaining to the package type; temperature, and MC order numbers 
for the MC68705P3. : 


“Table 3. Generic Information 


Internal Clock 
; aaa Type ce (MHz) ’ ‘Temperature Order Number 


| Cerdip (S Suffix) (S Suffix): 0° to 70°C MC68705P3S . 
Cerdip (S Suffix) +2 =40° to +85°C | MC68705P3CS 
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MECHANICAL DATA 


PIN ASSIGNMENTS 


RESE 
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TECHNICAL DATA MC68705P5 


Technical Summary 
8-Bit EPROM Microcomputer Unit 


The MC68705P5 (High-Density NMOS) Microcomputer Unit (MCU) is an EPROM member of the 
MC6805 Family of microcomputers. The user programmable EPROM allows program changes and 
lower volume applications. This low cost MCU has parallel 1/0 capability with pins programmable 
as input or output. This publication contains condensed information.on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the-list below for additional features 
available on the MCU. 

























@ Internal 8-Bit Timer with 7-Bit Programmable Prescaler @ Memory Mapped 1/O 
@ On-chip Oscillator oh e@ Versatile Interrupt Handling 
@ 112 Bytes RAM e Bit Manipulation 
@ 1804 Bytes EPROM . @ Bit Test and Branch Instruction 
@ 20 TTL/CMOS Compatible Bidirectional I/O Lines '@ Vectored Interrupts 
@ EPROM Security Features (Hardware and Software) 
BLOCK DIAGRAM 
XTAL EXTAL RESET INT 
Timer/ 
TI 3 
we 
len eee buy 
PR? Port 
CPU Data | Port PB3 B 
Index Control Dir | BB pB4. «W/O 
Register Reg | Reg PB5 Lines 
PAO PB6 
PAI Condition PB7 
Port pag Port | Data Code 
A PA3 A Dir Register oc 
1/0 PA4 R R 
Lines PAS cat nd Stack 
ar Pointer 
PCO. Port 
Program Data Port PCI c 
Counter a ee PC2 1/0 
1804 X 8 3 High PCH Reg: | Reg PC3 Lines 
EPROM Program 
Counter 
Low PCL 







115X8 
Bootstrap ROM 
bal 112 X8 
RAM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCAIPTION 


Vec A AND eee 


Power is supplied. to the microcomputer using these 
two pins. Vcc i is +5. 25 volts (+0. 5A) power, and Vss is 
ground. © 


VPP ) —— 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT | 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS ios more: detail information. 


EXTAL, XTAL 


These pins provide contre! input ioe the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by the CLK 
bit in the mask option register. 


RC Oscillator — 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. - 





— MCU MCU 
(Crystal Option, External. 7. gl (crystal Option, * ta, {RC Option, 
e MOR b7=0, Clock EXTAL Mor b7=0, EXTAL MOR b7=1, 
L See Note 1) Input See Note 1) See Note 1} 
(See Note 2) 


Crystal 


Crystal Parameters Cy 


EXTAL XTAL 


AT — Cut Parallel Resonance Crystat 
Co=7 pF Max. 

Freq= 4.0 MHz@C, = 24 pF 

Rs = 50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, Cy, and Rg values. 


NOTES: 










oe XTAL 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be: 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup statilization time. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER - _ 

This pin is used. as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate. the bootstrap pro- 
gram. i 


RESET : 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. Refer, 
to RESETS for addition information. | 





INPUT/OUTPUT LINES (PAO- PA7, PBO- PB7, PCO- »-PC3), 


These 20 lines are arranged into two 8-bit ports (A and 
B) and-one 4-bit port (C). All lines are programmable as 










XTAL 


_ Approximately 25% to 50% Accuracy 
“Typical teyc= 1.25 ws 
. External Jumper 


External Clock 


Vcc 





XTAL 





MCU 
(RC Option, 
No EXTAL MOR b7=1, 
Connection See Note 1) 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


1. When the TIMER input pin is in the ViyjTp range in the bootstrap EPROM programming mole), the are option is forced. 
When the TIMER input is at or below Vcc, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended Cy. value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on each 
pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL 
and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 





Figure 1. Oscillator Connections: 
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Oscillator Frequency (MHz) 





0 10 20 30 40: 50 60 70 +80 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


either inputs or outputs under software contro! of the 
data direction registers. Refer to PROGRAMMING for ad- 
ditional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Any port pin is programmable as either input or output 
under software. control of the corresponding write-only 
data direction register (DDR). DDRs always read “one”. 
The port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
















Data 
Direction Register 
Bit* 


a 
3 8 ; balenee 
= 9 utput 
Zé Data 
ae) Bit 
oO 
*DDR is a write-only register and reads as all ‘’1s’’. 
7 PORT DATA REGISTER 5 








"Port A Addr= $000 
Port B Addr= $001 | 
- Port C Addr= $002 (Bits 0-3) 





and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. _ 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to: the ‘pin level if the 
DDRis an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for I/O func- 
tions and to Figure 3 for typical port circuitry. 


Table 1. VO Pin Functions 


; V/O Pin Functions. 





The 1/0 pin is in input mode. Data is 
written into the output data latch. 
Data is written into the output data latch 
and output to the I/O pin. 
The I/O pin is:in-an output mode. The 
output data latch is read. 


The state of the I/O pin is read. 
*R/W is an internal signal. 


PORT DATA DIRECTION REGISTER (DDR) 








(1) Write Only; reads as all “’1s’” 
(2) 1= Output; O= Input. Cleared to 0 by reset. 
(3). Port A Addr= $004 7 
PortB Addr=$008 
Port C Addr = $006 (Bits 0-~3) 


Figure 3. Typical Port /O Circuitry and Register Configuration 
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MEMORY 


The MCU is capable of addressing 2048 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
RAM, a mask option register (MOR), a program control 
register, and I/O. The interrupt vectors are located from 
$7F8.to $7FF. The bootstrap is a mask-programmed ROM 
that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic caicu- 
lations or data manipulations. 


1/0 Ports Timer 


Page Zero cane 
; RAM 
Access with (128 B } 
Short 127 = 
Instructions 128 Page Zero - 







User EPROM 
(128 Bytes) 


Main User 
EPROM 
(1668 Bytes) 


Mask Option Reg 


Bootstrap 








ROM 
(115 Bytes) 
2039 
2040 Timer Interrupt 





External Interrupt 


SWI 


Interrupt 
Vectors 
$7FD 
S7FE 


Reset S7FF 












INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 








lame aeeaet 


PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 


10 8 7 ; 
| 
[ PCL | 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack. and 
incremented as data is pulled from the stack. 








PCH 





6° 
$000 
$001 
$002 
$003 


7 6 5 4 


2 1 









oO 


i 


Port A 
Port B 
1441 Port C 
Not Used 
Port A ODR * 
Port B DOR*: 
11°11 JPortCDDR] $006 


















$005 





















(112 Bytes) 
Stack 
(31 Bytes Maximum) 






$07F 


Caution: Data Direction Registers (DORs) are write-only; they read as SFF. 


Figure 4. Memory Map 
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The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use..up. to 15 
levels of subroutine calls (less if interrupts aré allowed). 

; 10 


| 54 0 
. ofojolol|a}i] sp. | 
CONDITION CODE REGISTER (CC) | 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions canbe taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
[efi [wiz] | 








Half Carry (H) 


This bit is set during ADD and ADC Oferations to in- 
dicate that a carry occurred between bits 3 and 4. 


intarrapt (I) 


When this bit is set, the timer ved aaerhal interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 
When set, this bit indicates that the Yesult of the last 


arithmetic, logical, or data manipulation | was negative 
(bit 7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data. manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or t borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and Cure. shifts and 
rotates. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the externa! reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 


reset is used strictly for power turn-on conditions and ~ 


should not be used to detect any drop in the power supply 
voltage. A delay of tRH1L milliseconds is required before 


allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 5) en provides 
sufficient delay. . 





EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the . 
RESET input for a period longer than one machine cycle 
(teyc). Under this type.of reset, the Schmitt trigger switches 
off at VIRES ~ t to a piovige an internal reset voltage. 


10 pF 





Figure 5. Power-up RESET Delay Circuit 


INTERRUPTS — 


The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which- 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


5 4 3 2 1 0 
Condition 

vas Code Register J" +1 

Push — 


* For subroutine calls, only PCH and PCL are stacked. 





Pull 












n+2 


n+3 


n+4 


n+5 


Figure 6. Interrupt Stacking Order 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked, 
(1 bit clear) proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 











{1 Bit lin CC) 
O7F-—SP 
0--DDRs 

CLR INT Logic 
FF--Timer 

7 Prescaler 
7F-—TCR 





Put TFE on 
Address Bus 






Fetch 
~ Instruction 






Is Fetched 
Instruction 
an SWI? 


RESET } 

Pin=L ae 

Pacer RESET 
Pin = High 





Load PC 


from 
7FE/7FF 


Execute All 
Instruction 
Cycles 



















an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. Clearing the | bit 
enables the external interrupt. The following paragraphs 
describes two typical external interrupt circuits. 


Stack 
iNT PC, xX, A, CC 
Request 
Latch 









Load PC From: 
SWI: 7FC/7FD 
INT: 7FA/7FB 
TIMER: 7F8/7F9 





PC+PC+1 


Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing 


A sinusoidal input signal (fjyq maximum) can be used 
to generate an external interrupt (See Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal interrupt 


With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled ty, twH. 
Refer to TIMER for additional information. 


(a) Zero-Crossing Interrupt 


ac 


(Current 
Input 
(fINT Max.) Eg 2 | INT 
R<1MQ Mee 
ac Inputs e 0.1-1.0 
10 Vac p-p uF 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SW! executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software drooiammable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR). The 8-bit counter may be loaded 
under program control and is decremented toward zero. 
When the timer reaches zero, the timer interrupt request 
bit (bit 7) in the timer control register (TCR) is set. Refer 
to Figure 9 for timer block diagram. 


(b) Digital-Signal interrupt 





Figure 8. Typical Interrupt Circuits 






















'CIN Timer Data Register (TDR) 


8-Bit Counter 


Timer 


7 Bit Prescaler 


Select 
1-0f-8 









Microcomputer Internal Bus EPROM 


Wate Read Read Program 


Select rac 
6 of 12 










EPROM Byte 
Mask Option Register (MOR) 












Timer 
Interrupt 
Request 


Figure 9. Timer Block Diagram 
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The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 
CPU state on the stack,. 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, TCR bit 3 always reads as a logic 
zero to ensure proper operation with read-modify-write 
instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. TDR is unaffected by reset. 


SOFTWARE CONTROLLED MODE 


The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TGR control bits 4 and 5 (TIE 
and TIN). The following paragraphs describe the different 
modes. 


Timer Input Mode 1 


When TIE and TIN are both programmed to zero, the 
timer input is from the internal! clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well! as a 
reference for frequency and event measurement. - 


Timer Input Mode 2 


When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


‘When TIE=0 and TIN =1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 


When TIE and TIN are both one, the timer input is fate 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. 


MOR CONTROLLED MODE. 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer. circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0,.1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4) and 





PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlied by: the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. When the MOR 
TOPT =1, then bits 5, 2, 1, and 0’in the TCR take on the 
one 4 of “ MOR ral reset. , 


Peto tata te 


RESET: 
0 1 U U 


TCR with MOR TOPT=1 (MC6805P2/P6 Emulation) 








7 5 4 3 2 1 0 

TIR TIM TIN | Tle [psc [so | psi | pso | 
RESET: 

0 1 


TCR with MOR TOPT =0 (Software Programmable Timer) 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1=Set when the timer data register changes to all 
zeros - 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
4 =Interrupt inhibited 
0= interrupt enabled — 
TIN — External or Internal 
Selects input clock source 
1=External clock selected 
0=Internal clock selected (fog¢/4) 
TIE — TIMER External Enable 
Used to enable external TIMER pin 
1=Enables external timer pin 
0=Disables external timer pin 
PSC — Prescaler Clear 
Write only bit. Writing a 1 to this bit resets the pres- 
caler to zero. A read of this location always indicates 
a zero. 
PS2, PS1, PSO — Prescaler Select Bits 
Decoded to select one of eight outputs of the pres- 
caler 





Prescaler Division 
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MASK OPTION REGISTER (MOR) 


The MOR is implemented in EPROM and contains all 
zeros prior to programming. This register is not affected 
by reset. The MOR bits are described in the following 
Bees 


(ae [on Tas [oe [owe TT 


CLK — Clock ieenilietsh type) 
1=Resistor capacitor (RC) 
0=Crystal 
TOPT — Timer Option 
1 = MC6805P2/P6 type timer/prescaler. All bits, ex- 
cept 6 and 7, of the TCR are invisible to the 
user. Bits 5, 2, 1, and 0 of the MOR determine 
the equivalent MC6805P2/P6 mask options. 
0=All TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 


CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0= Internal clock 


TIE — Timer External Enable 
Not used if TOPT=1. Sets the initial value of TIE in 
the TCR if TOPT=0 
1=Not used 
0=Sets initial value of TIE in the TCR 
SNM — Secure Mode 
When programmed to one, EPROM contents cannot 
be access externally. 
P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 


1 (Bypass Prescaler). 





PROGRAMMING CONTROL REGISTER (PCR) 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming, so 
the user need not be concerned with PCR in most appli- 
cations. 


CoD ao ee 


RESET: 
Uuesi*;sC*i U U U U 1 7 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any: 
time 
1=Read EPROM 
____ 0=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset 
1=Inhibit EPROM programming 
0=Enable EPROM programming (if PLE i is: low) 
VPON — Vpp On’ 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to “one”, disconnects PGE and PLE 
from the chip. 
1=No high voltage on Vpp pin 
0=High voltage on Vpp 


NOTE 


VPON, being “zero”, does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating: 


mode. 
VPON | PGE | PLE | Programming Conditions 
O- 0 0 Programming Mode (Program 


EPROM Byte) 
PGE and PLE Disabled from System 
Programming Disabled (Latch 

__ Address and Data in EPROM) 
PGE and PLE Disabled from System 
Invalid State PGE=0 if PLE=0 
invalid State PGE =0 if PLE =0 
“High Voltage” on Vpp 

PGE and PLE Disabled from System 
(Operating Mode) 

















PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. 

A MCM2716 UV EPROM (other fwtlueeey: standard 
EPROMs may be used) must first be programmed with 
the same information that is to be tenstetted to the MCU 
EPROM. 

The MC68705P5 MCU is programmed in the same as 
the MC68705P3. Refer to application note, MC68705P3/ 
R3/U3 8-Bit EPROM Microcomputer Programming Mod- 
ule (AN-856 Rev2) for schematic diagrams and instruc- 
tions on programming the MC68705P5 MCU EPROM. 


NOTE 


The MC68705P5 will not execute the bootstrap pro- 
gram when in the secure mode. The on-chip EPROM 

- must be completely erased before programming. 
To enter the secure mode, bit 3 in the mask option 

- register must be programmed to logic “one” and 
memory locations $782 and $783 must be pro- 
grammed with $20 and $FE, respectively. After pro- 
gramming, the only way to change the non-secure 
mode is by erasing the entire EPROM. 
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EMULATION 


The MC68705P5 emulates the MC6805P2 and MC6805P6 
“exactly”. The MC6805P2/P6 mask features are imple- 
mented in the mask option register (MOR) EPROM byte 
on the MC68705P5. A few minor exceptions to the ex- 
actness of emulation are listed below: 


1. The MC68705P2/P6 “future ROM” area is imple- 
mented in the MC68705P3 and these 704 bytes must 
be. left unprogrammed to accurately simulate the 
MC6805P2/P6. The MC6805P2/P6 read all “zeros” 
from this area. 


2. The reserved ROM areas in the MC6805P2/P6 and 
the MC68705P5 have different data stored in them, 
and this data is subject to change without notice. 
The MC6805P2/P6 use the reserved ROM for the self- 
check feature, and the MC68705P5 uses this area for 
the bootstrap program. 


3. The MC6805P2/P6 read all “ones” in its 48-byte ‘‘fu- 
ture RAM” area. This RAM is not implemented in 
the MC6805P2/P6 mask ROM versions but is imple- 
mented in the MC68705P5. 


4. The Vpp line (pin 6) in the MC68705P5 must be tied 
to Vcc for normal operation. In the MC6805P2/P6, 
pin.6 is the NUM pin and is grounded in normal 
operation. 


5. The LVI feature is not available in the MC68705P5. 

Processing differences are not presently compatible 

' with proper design of this feature in the EPROM 
““. version. 


The operation of all other circuitry has been exactly 
duplicated or designed to function identically in both de- 
vices including interrupts, timer, data ports, and data di- 
rection registers (DDRs). A design goal has been to provide 
the user with a safe, inexpensive way to verify a program 
and system design before committing to a factory pro- 
grammed ROM. ‘s 


INSTRUCTION SET © 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 


erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 


jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Load A from Memory 

Load X from Memory 

Store A in Memory 

Store X in Memory 

Add Memory to A 

Add Memory and Carry toA : 
Subtract Memory 

Subtract Memory from A with Borrow 
AND Memory to A 

OR Memory with A 


Exclusive OR Memory with A 








Arithmetic Compare A with Memory 


Tocx _| 


Jump Unconditional oS JMP 


Arithmetic Compare X with Memory 


Bit Test Memory with A (Logical Compare) 





Jump to Subroutine © JSR. 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or.zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions.. 
















































Function Mnemonic | 
Increment INC 
Decrement Dec | 
Clear CLR 
Complement COM 
Negate (2’s Complement) , | Nec | 
Rotate Left Thru: Carry ; ROL 
Rotate Right Thru Carry | ROR | 
Logical Shift Left LSL 
Logical Shift Right —_I isn | 
Arithmetic Shift Right ASR 
Test for Negative or Zero TST 








BRANCH INSTRUCTIONS 


This. set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch: 
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instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Function 
| Branch Always BRA: 
Branch Never BRN 
Branch if Higher 








Branch if Lower or Same BLS 
Branch if Carry Clear BCC 
(Branch if Higher or Same) 
Branch if Carry Set BCS 
(Branch if Lower) (BLO) 
Branch if Not Equal | BNE | 
Branch if Equal BEQ 
Branch if Half Carry Clear 
Branch if Half Carry Set BHCS 
Branch if Plus BPL 





Branch if Minus 


Branch if Interrupt Mask Bit is Clear 
Branch if Interrupt Mask Bit is Set 


Branch if Interrupt Line is Low BIL 
Branch if Interrupt Line is High | BIH 





Branch to Subroutine BSR 


BIT MANIPULATION INSTRUCTIONS 


the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 


BRSET n (n=0...7) 





BRCLR n (n=0... 7) 
BSET n (n=0... 7) 
BCLR n(n=0...7) 


Clear Bit n 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for contro 
instructions. ; 









Transfer A to X ; 
Transfer X to A 
Set Carry Bit : 







Clear Carry Bit 

Set Interrupt Mask Bit . 

Clear Interrupt Mask Bit : 
Software Interrupt 

Return from Subroutine 

Return from, Interrupt 


Reset Stack Pointer 


_ TAX 
| Nop _| 


No Operation 


OPCODE MAP SUMMARY 


Table 2 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single-byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two-byte direct-ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction: ae 


EXTENDED 


In the extended addressing mode;.the effective address 
of the. argument is contained in the two bytes following 
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BRSETO BSETO 


Be Manipulation Branch Read-Modify-Write 
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BRSET2 " BseT2 
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on. 
OD: 
ie 
Ped 
NS 
in 
n 
ao 
Ag 
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oO 
sz 







































































aia § 
10 +— 
BASETS. BNE 3 
B A Lal IX dd i 
7 6 4 li ia 6 ; Eee 7) 
IBRCLAS BEQ ASR - ASRA ASRX ASR ASR : 
O111 8 8 REL 1A 1 INH 1 INH | 2 1x4 1 Ix 1. 
4 a 4 a 7 6 2 
‘BRSETS " pseta BHCC LSL ~ LSLA _ LSLX LSL USL 
8 R _piR | 1 INH} i INH | 2 x1} 1 1X 
4 6 4 [a 7 6 2 
9 BRCLAS " Bcirs BHCS ROL " ROLA ROLX ROL ROL 
B R 18] 1 INH INH 1 1 
2 E Z i fa \ 1 Z 1X1 : IX a 
A a ” BSETS BPL DEC DECA DECX DEC DEC Ly Cu 
1019 BTp B REL | 2 IR ft (NH | -1 INH [| 2 Kt}. ix INH. 
7 4 ee t mai 5 
mk BRCLRS Pere : BMI | ; ae : 
8 REL ~ - INH 
4 6 | a a TT 6 oF : 
‘BRSETE BSET6 BMC. INC - INCA INCX INC INC RSP 
00 B EL Di 1 INH i INH | 2 Ixt 1 Ix 1 INH. 
4 re 4 4 14 6 12 
ae BRCLAG " BCLRG BM TST TSTA TSTX TST TST NOP 
0 8 IR. i] INH 1 INH | 2 4x1 1 iX i INH 
2 aii Ne} 42 | 
0 B s 
? a 4 =. 6. T2 
F "BRCLR7 BCLR7 CLRA CLRX CLR CLR TXA 
wn 3 BTB | 2 Bsc | 2 1. INH | 4 INH | 2 xt [a ix 1 (NH 














Abbreviations for Address Modes 


INH Inherent 
IMM Immediate 
DIR Direct 


EXT Extended 

REL Relative 

BSC Bit Set/Clear : 
BTB Bit Test and Branch ° 
IX Indexed (No Offset) 

IX1 Indexed, 1 Byte (8-Bit) Offset 

1X2 Indexed, 2 Byte (16-Bit) Offset 


# of Cycles 
Mnemonic 








Q000 


n 
Cc 
o 


ie} 
= 
> 
io] 
= 
> 


aaah 


BIT 


LOA 


be 


STA 


p< 


Q1t1 


* aoc 


in 
bl 
Fg 
os 
Ps 
8 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 


GdS0L899IN 
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the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anyeners in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from » — 126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective. 


address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently teferenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 


able locations and could extend as far as location 510 


($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 


ner similar to indexed, 8-bit offset except that this three-. 


byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared’is part of the opcode: The byte following the 
opcode specifies the direct addressing of the byte to which 


‘the specified bit is to be set or cleared. Any read/write 


bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


CAUTION 


The correspondirig DDRs for ports A, B, and C are write 
only. registers (registers at $004, $005, and $006). A read 
Operation on these registers always returns a ‘‘one”. Since 
BSET and BCLR. are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all “unaffected” 
bits would be set). It is recommended that all DDR bits 
in a port be written using a single-store. instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode: Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS | 


MAXIMUM RATINGS 


Supply Voltage _ 










| Symbol 


Input Voltages 
- EPROM Programming Voltage 
(Vpp Pin) 
TIMER Pin 













Operating Temperature Range 


Storage Temperature Range 


Ta 






Junction Temperature Ty 





THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Cerdip 












The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp * 8ya) (1) 


where: 
Ta = Ambient Temperature, °C 
8jA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Po = Pint+Pyo 


Pint ='cc*Vecc, Watts — Chip Internal Power 
PQ = Power Dissipation on Input and Output 
Pins ~ User Determined 


—0.3 to +7.0 


—0.3 to +22.0 


| ta |  oto+7 | vc | 
ee a 


[Symbol 
len] we 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 

_ ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom- 






| Unit_| 
Vv 


















Normal Mode -0.3 to +7.0 - mended the Vin and Voyt be constrained to 
Bootstrap Programming Mode —0.3 to + 15.0 the range Vss < (Vin or Vout). = Vcc. Reli- 
All Others -0.3 to +7.0 ability of operation is enhanced if unused in- 


puts are tied to an appropriate logic voltage 
level (e.g., either Vsg or Vcc). 


aa 


For most applications Pj;q<Pjy7z and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pj is neglected): 


Pp =K=+(Ty+273°C) (2) 
~ Solving equations (1) and (2) for K gives: 
K=Pp + (Ta + 273°C) + 0 yy ° Pp@ (3) 


-where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T,. 


PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 Vde +0.5, Vsgs =0 Vde, Ta = 20° to 30°C, unless otherwise noted) 


Characteristic 


‘| Programming Voltage (Vpp Pin). - = 


Vpp Supply Current 
Vpp=5.25 V 
Vpp=21.0V 


Programming Oscillator Frequency 








Bootstrap Programming Mode Voltage (TIMER Pin) Ij, = 100 








Symbol Min Typ Max Unit 
Vpp 20.0 21.0 22.0 Vv 
IPP 
fosth 0.9 
VIHTP 9.0 

















pA Max R 
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SWITCHING CHARACTERISTICS (Vcc= +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 














Characteristic 





Max . aly Unit 


Oscillator Frequency 4.2 “MHz 


Normal 


0.4 








; Instruction Cycle Time (4/fggc) . Us 






0.950 eae 


‘Wee tWH teye + 250 _ 

tRWL teye + 250 | ie 
tRHL iZ 100 _ 
fINT 0.03 








| INT or Timer Pulse Width (see Interrupt section) 
RESET Pulse Width 
RESET Delay Time (External Cap = 1.0 pF) 


a ee 

ea sel 
75 
= iz ms 























INT Zero Crossing Detection Input Frequency 
External Clock Duty Cycle (EXTAL) 
























ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vdc, Vsg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 




















































[ Characteristic al Symbol Min a Typ Max Ty Unit = 
Input High Voltage VIH Vv 
RESET (4.75 = Vcc < 5.75) 4.0 — Vec 
(Vcc (4.75) : Vcc -0.5 = Vcc 
INT (4.75 < Vec < 5.75) 4.0 e Vcc 
(Vcc ( 4.75) Vec -0.5 ** Vcc 
All Other | 20 =) _ Vec 
: Input- High Voltage (TIMER Pin) r VIH V 
Timer Mode 2.0 — Vcc 
L Bootstrap Programming Mode hs 9.0 al 12.0 15.0 | 
Input Low Voltage VIL Vv 
RESET : ane oe ~0.3 _ 0.8 
INT 2 -0.3 ig 1.5 
Alt Other 1 _| ~0.3 = = 0.8 ies 
Internal Power Dissipation (No Port Loading, Vcc = 5.25 V, PINT _ 450 TBD mW sa 
Ta =0°C) . me : 
Input Capacitance aa - Cin | pF 
XTAL 
All Other | 
ee ; t— 
INT Zero-Crossing Voltage, through a Capacitor. oh VINT 
RESET Hysteresis Voltage 
Out of Reset Voltage _ VIRES+ 
Into Reset Voltage i VIRES — - 





Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 
Operating Mode 





Input Current 
TIMER (Vin) =0.4 V) 
INT (Vin =0.4 V) 
EXTAL (Vjn2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) ; = 
RESET (Vjn=0.8 V) °° 3 — 4.0 
(External Capacitor Changing Current) 

















— 40 


. *Vpp is pin 6 on the MC68705P5 and is connected to Vcc in the normal operating mode. In the MC6805P2, pin 6 is NUM and is 


connected to Vsg in the normal operating mode. The user must allow for this difference when emulating the MC6805P2 ROM- 
based MCU. 


**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 
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PORT ELECTRICAL CHARACTERISTICS (Vcc = + 5.25 Vde, + 0.5 Vdc, Vgsg =0 Vdc, Ta =0° to 70°C, 
unless otherwise noted) 




































































































Characteristic Min | Tp | Max i Unit ] 
— | 
| Output Low Voltage, I_gaq=1.6 MA te VoL te _ - sa) 0.4 L V = 
Output High Voltage, ILgaq= — 100 pA VOH 1 2.4 L _ | ees ie V | 
| Output High Voitage, ILgad= — 10 pA te VOH a Vec- 1.0 _ sf see V i 
| Input High Voltage, ILoad = — 300 1A (Max) eke VIH Ls 2.0 — | Vec + 0.7 {_V | 
Input Low Voltage, !Loaq = — 500 yA (Max) VIL Vss _ 0.8 V 
Hi-Z State Input Current (Vjn = 2.0 V to Vcc) NH - 300 pA 
Hi-Z State Input Current (Vin =0.4 V) — | —_ | -500 pA | 
2 Port.B - : os | 
| output Low Voltage, ILoad =3.2 MA le (VOL. | = At _ | 0.4 
Output Low Voltage, ILoad= 10 mA (Sink) + VOL eae — { 1.0 | 
Output High Voltage, ILoad= — 200 pA VOH 2.4 ia == i —_— | 
Darlington Current Drive (Source), VQ=1.5 V | 1OH —1.0 eer [ 10 | ___mA 
Input High Voltage [ VIH 2.0 | — | Vcc + 0.7 | 
Input Low Voltage j Vin Vss i = | 0.8 L 
Hi-Z State Input Current | _'tsi = 2 20 pA | 
Port C : | 
Output Low Voltage, ILgad=1.6 mA ihe VO —_ = | 0.4 | V | 
Output High Voltage, ILoaq = — 100 pA VOH 2.4 os L — | V 
Input High Voltage VIH 2.0 | — i Vec : 0.7 Lb V | 
Input Low Voltage |. VIL Vss | —s te 0.8 V : 
Hi-Z State Input Current ITSI = 2 20 nA 

















Vcc =5.75V 





















oint or Equiv. ; oint or Equiv. 
15k2 30 pF (Total) : 2.97 kQ 
: 30 oF MMD7000 
40 pF MMD7000 | pags or Equiv 
(Total) or Equiv. = 


Figure 10. TTL Equivalent Test Load Figure 11. CMOS Equivalent Test Load Figure 12. TTL Equivalent Test Load 
(Port B) (Port A) (Ports A and C) 







5V 





“Dip” 


Vcc In Power 





RESET 
Pin 


Internal 
Reset 


Figure 13. Power and Reset Timing 
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Veco 


Port DDR 
Port Data 






IP =Input Protection 


Port DDR 
Port Data 


IP = Input Protection 


Figure 15. Port B and C Logic Diagram 





PAD To V/O Logic Test Point <——— 
ue Vary V, 
ms ~ Measure 1 
Figure 16. Typical Input Protection Figure 17. /O Characteristic 


Measurement Circuit 


| | ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705P5. 


Table 3. Generic Information 


Internal Clock 
Seen Type ee (MHz) ee ae Order eee 


| Cerdip (S Suffix) —_| (S Suffix) 0° to | to 70°C | Mc6s705P5S 


Cerdip (S Suffix) ~40° to 85°C | —MC68705P5CS 
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MECHANICAL DATA 


PIN ASSIGNMENTS 
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TECHNICAL DATA MC68705R3 


Technical Summary 
8-Bit EPROM Microcontroller Unit 


The MC68705R3 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume ~ 
applications. This low cost MCU has parallel I/O capability with pins programmable as input or out- 
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto- 
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

@ internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 


Vectored Interrupts 
Bootstrap Program in ROM 





e 
e 
@ On-chip Oscillator @ 112 Bytes of RAM 
@ Memory Mapped I/O e 3776 Bytes of Eprom 
e Versatile Interrupt Handling @ 241/0 Pins 
@ Bit Manipulation @ 4-Channel Analog-to-Digital 
e@ Bit Test and Branch Instruction Converter 
BLOCK DIAGRAM 





: XTAL EXTAL RESET Vpp iNT 
Pp , Timer/ 
7 8 Counte: 








TIMER : 
[eee HY =F 
gee A/D 
PAI Accumulator = Analog 
Port za MUX 
A PA2 Port | Data = && 
vo es A Dir Index Control 
ino Sees} me fm TT, mom rong 
/ANI 
PA? oni b++— po2/anz Por 
oi Py TT PD3/AN3 ) 
oa 01 We cod 
PTO Poe/van nes 
TTT PO6/INT2 
| rau PO? 
rat VVYY VY 
Port PB! 
8 83 eee Port D 
He Pea : ra Input 
PB4 Reg | Reg 
Lines P85 
PB6 
P87 Peo 
1 
Data | Port oe oa 
3776 x8 112x8 As = pc4 VO 
EPROM RAM PCS Lines 
picks PC6 
x 
Bootstrap PC? 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using. these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vssg is 
ground. 


Vpp 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


iNT 


This pin provides the capability for asynchronously ap- 
_ plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on mask option 


EXTAL 


XTAL 





AT — Cut Parallel Resonance Crystal 

Co=7 pF Max 

Freq. = 4.0 MHz @ C, = 24 pF 

Rg =50 ohms Max. 
Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's -sug- 
gestions for Co, Cy, and Rg values. 














MCU 
External 5] EXTAL (Crystal Option, 
Clock. See Note 1) 


Input 


External Clock 


NOTES: 


M 
EXTAL (RC Option, 


CU MCU 

‘S}EXTAL (RC Option, 

See Note 1) No See Note 1) 
Connection 


Approximately 25% to 50% Accuracy 
Typical teyc= 1.25 ps 
External Jumper 


} 


register setting) is connected to these pins to provide a 
system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize. output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock © . 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to Vss, as shown in Fig- 
ure 1. This option may only be.used with the crystal 
oscillator option selected. in the mask option register. 










(See Note2) CO MCU 
S}EXTAL (Crystal Option, 


See Note 1) 


Crystal 













Approximately 10% to 25% Accuracy 
(€xcludes Resistor Tolerance) 
External Resistor 


1. For the MC68705R3 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vcc. the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended C,_ value with a 4.0 MHz crystal is 27. pF maximum, including system distributed capacitance. There is 
an internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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Vcc =5.25 V 
Ta=25°C 


Oscillator Frequency (MHz) 


0 10 20 30 40 = 80 60. 70 .. 80 


Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for - 
RC Oscillator Option Only 


TIMER 
This: pin is used as an external input to control the 
internal timer/counter circuitry. This pin: also detects a 


higher voltage level used to initiate the bootstrap pro- 
gram. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 


INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7, PDO- 
PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 


rection registers. Port D is a fixed input port. It has up to | 


four analog inputs, plus two voltage reference inputs when 
the analog-to-digital converter is used (PD5/VRH, PD4/ 
VRL), and an INT2 input. Port D lines can be read directly 
and used as binary inputs. If an analog input is used, then 
the voltage reference pins must be used in the analog 
mode. Refer to PROGRAMMING for additional! informa- 
tion. , 





Latched 
Output 


internat 
Connections 


*DODR is a write-only register and reads as all “1s” 





PROGRAMMING» 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmablieé.as ‘either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 


. and a logic zero for input. On reset, all the DDRs are 


initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 


‘is set to input.’ This port write may be used to ‘initialize 


the data registers and avoid undefined outputs. Care must 


' be exercised’ when using read-modify-write instructions 


since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for I/ 
O functions and to Figure 3 for typical port circuitry. 


Table 1. 1/O Pin Functions 


Data - Latched 
Direction Output 


Register Data . 
Bit Bit 





**Port B and C are three-state ports. Port A has an internal pull- 
up devices to provide CMOS data drive capability. 


Port D provides reference voltage and multiplexed an- 
alog inputs. The Vp, and VRH lines are internally con- 
nected to the A/D resistor. Port D can always be used as 






Figure 3. Typical Port /O Circuitry and 
Register Configuration 
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digital inputs, but for analog inputs, VRH and Vay must 
be connected to the appropriate reference voltage. 


NOTE 


_Read-modify-write instructions should be not used 
when writing to DDRs always read as ‘one’. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/0 registers. The memory map is shown in Figure 
4. The locations consists of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con- 
trol register, miscellaneous register, A/D control regis- 
ters, and I/O. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


7 0 
000 
1/0 Ports 
Page Zero Timer 
Access With RAM 
Short 127 (128 Bytes) 
Instructions 128 Page Zero 
User EPROM 
255 (128 Bytes) 
256 
Main 
EPROM 
(3640 Bytes) 
3895 


3896 Mask Option Register 


3897 
— 


3968 Bootstrap 
ROM 
4087 (120 Bytes) 


Timer Interrupt 


Interrupt 4091 - 
Vectors 4092 





REGISTERS © 


The MCU contains the registers described in the fol- 
lowing paragraphs. | 


ACCUMULATOR (A) — 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 ‘ 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8-.or 16- bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 
ae ee 


PROGRAM COUNTER (PC) 


The program counter is.a 12-bit register that contains 
the address of the next byte to be fetched. 


11 8 7 0 
765 43 2 1 0 


s00 
so 
[Ponce Rgiter | S02 
03 
sos 
sts 
008 
sor 
sus 
son 
son 
soe 
soc 
[foie] s000 
soe 


: A/D Register SOOF 
$010 


oO on onnhk WN. a OO 


RAM 
(112 Bytes) 


Stack 
(31 Bytes Maximum) 


$07F 


* Caution: Data direction registers (DORs) are write-only, they read.as $FF. , 


Figure 4, Memory Map 
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STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data‘is pulled from the stack. 

The seven most-significant bits of the stack:pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 5 4 0 


CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
fafi[w [zc | 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


interrupt (1) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1). 


Zero (2) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow ({C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and. during shifts and 
rotates. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the line 
logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voitatge. A delay of thy. milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 5) typically provides sufficient 
delay. 








Figure 5. Power-Up RESET Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at VIRES — to provide an internal reset voltage. 


INTERRUPTS 


. The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 





NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 
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6 4 


PS 


Pull 


n+1 








n-3 Accumulator n+2 
n-2 Index Register n+3 


Push 





*For subroutine calls, only PCH and PCL are stacked. 


Figure 6. interrupt Stacking Order 


If both an external. interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- . 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- . 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally exe- 
cutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a_mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if:set, cause the MCU to process 
an interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (fj y7 maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing, time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification. provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital- Signal Interrupt 


With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 


; signal that can be recognized by the TIMER or INT pin 


logic is dependent on the parameter labeled tw tL, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 


MODES OF OPERATION 


The MCU has two modes of operations. These modes 
are the normal and bootstrap. The following paragraphs 
describe the modes. 


NORMAL MODE 


This mode is a single-chip mode and is entered if the 
following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vcc. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. , 








BOOTSTRAP 


The bootstrap mode is entered if the TIMER pin= + 12 
V. Refer to application note, MC68705P3/R3/U3 8-Bit 
EPROM Microcomputer PROG ralnring Modus (AN-857 
Rev.2). 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made. via the timer 
control register (TCR) and/or the’ mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches.zéro, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 
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191 (in CC) 
07F » SP 
0» DDRs 

CLR INT Logic 
FF » Timer 

TCR6 ¢1 

TCR7 ¢0 


Put FFE on 
Address Bus 


















(TIMER INT) 
(TCR? @ TCR6) 
MR? © MR6 

(INT2) 















is Fetched 
Instruction 
on SWI? 





RESET 
Pin= High 







_Load Options From 
.MOR}$F38) into. 
Control Logic 


Load Pc @ 
From 
FFE/FFF 


Figure 7: Reset and Interrupt 


5 


(a) Zero-Crossing Interrupt 


ac 


- (Current 
Input | 
(finT Max.) Limiting) 
Rs1 MQ 
ac Inputs 
‘10 Vac p-p 

















Stack : 
PC, X, A, CC 





Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
___limer or 

INT2: FFB/FF9 






Processing Flowchart 
(b) Digital-Signal Interrupt 


TTL 
Level. | 
Digital 
Input 





Figure 8. Typical Interrupt Circuits 


The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and the TCR 
bit 6 is cleared; the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 


interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always’ reads as a 
logic’ zero to ensure proper operation with read- -modify- 
write instructions. 
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EPROM Byte 


{CIN Mask Option Register (MOR) 


Timer Data Register {TDR) 
8-Bit Counter 


internal 
$2 
Clock 
(fosc +4) 


Timer 
Interrupt 


fpin— Prescaler Input Frequency Timer Control Register Bits: : ; Mask Option Register Bits: 
fcin— Counter input Frequency TIR— Timer Interrupt ‘Request Status CLK — Clock Oscillator Type 
3 . TIM— Timer Interrupt. Mask TOPT — Timer Mask/ Programmable Option 
TIN— Timer Input Select ~ CLS— Timer Clock Source: ; 


TIE— Timer External input Enable P2, P1, PO—Prescaler Option 
-PSC— Prescaler Clear : : 
PS2, PS1, PSO-— Prescaler Select 


NOTE: The TOPT bit in the mask option register selects whether the timer is software programmable via the timer contro! register or 
emulates the mask programmable parts via the MOR EPROM byte. 


Figure 9. Timer Block Diagram 
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The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. The TDR is unaffected by 
reset. 


SOFTWARE CONTROLLED MODE 


This mode is selected when TOPT (bit.6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para- 
graphs describe the different modes. 


Timer Input Mode 1 


When TIE and TIN are both programmed to zero, thé 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode.can 
be used for periodic interrupt generation as well asa 
reference for frequency and event measurement. 


Timer Input Mode 2 


When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TIE =0 and TIN=1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. ~ 


Timer Input Mode 4 


When TIE and TIN are both one, the timer input is from: 


the external clock: The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. Frequency of 
external. input must be < fog¢/8. | 


MOR CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres- 


caler division and the timer clock selection. TIE (bit 4) and: 


PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) ate 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 


When TOPT=1, the TCR emulates the MC6805R2; when 
TOPT =0, the TCR is controlled by software. 


TCR wa ia pie ae 


Cow Poe Ts Toe TT 


TCR wan ee TOPT= a4 


RESET: 
0 1 U U "U U U 


*The value of corresponding bits in MOR is written during RESET 
rising edge. These bits always read “one”. 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one : 
1=Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
- Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0=Interrupt enabled 
TIN — External or Internal 
Selects input clock source 
1 = External clock selected 
0=Internal clock selected (fog¢/4) | 
TIE — TIMER External Enable 
Used .to enable external TIMER pin. When TOPT=1, 
TIE is always a logical “‘one”. 
1=Enables external timer pin — 
0= Disables external timer pin 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero when TOPT=0. When TOPT =, this 
. bit will read’a logical “one” and has no effect on the 
prescaler. 
PS2, PS1, PSO — Prescaler Clear 
_ Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 





NOTES 


When changing the PS bits in software, the PSC 
bit should be written to a “one” in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 
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MASK OPTION REGISTER (MOR) $F38 


The: MOR is.implemented in EPROM. This register con- 
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
sible 


Cox Ton Taste Tae] 


CLK — Clock (oscillator type) 
1=Resistor Capacitor (RC) 
0=Crystal 
TOPT — Timer Option 
-1=MC6805R2 type timer/prescaler. All bits except 
6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
_ equivalent MC6805R2 mask options. 
0=All TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0=Internal clock 
Bit 4 
Not used if TOPT= 1. Sets the initial value of TIE in 
the TCR if TOPT=0. 
1=Not used 
0=Sets initial value of TIE i in the TCR 
Bit 3 
Not used 
P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 





Prescaler 

| p2 | pi | Po Divide By 
er eee ee ee 1 

| o | o | 2 

| o | 1 [ 0 4 

| oo | i fl 8 

Le ee 18 16 
re a 32 
ee ae a 64 
[. Sit Se 1 128 





PROGRAMMING CONTROL REGISTER (PCR) $00B 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
- user need not be concerned with PCR in most applica- 
tions. 


7 6 5 4 3 Qineen4 0 
ee ee 
RESET: 

U U 


Cc 


U Us Fest) 1 1 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 


1=Read EPROM 
___ 0=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming ____ 
0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to “one”, disconnects PGE and PLE 
from the chip..- 
1=No high voltage on Vpp pin 
0=High voltage on Vpp pin 


NOTE 


VPON being “zero” does not indicate that the Vpp 
level is correct for programming. It is used as.a 
safety interlock for the user in the normal operating 
mode. 







Programming Conditions 


Programming mode (program 
EPROM byte) 


PGE and PLE disabled from 
system 













Programming disabled (latch 
| address and data in EPROM) 


PGE and PLE disabled from 
system 
invalid state; PGE =0 if PLE=0 
Invalid state; PGE =0 if PLE=0 
“High voltage” on Vpp 
PGE and PLE disabled from 


system (operating mode) 
































EPROM PROGRAMMING 
ERASING THE EPROM 


The EPROM can be erased by exposure to high-inten- 
sity ultraviolet (UV) light with a wavelength of 2537 angs- 
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm2. The lamps should be 
used without software filters, and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MCU EPROM to the “zero” 
state. Data then can be entered by programming “ones” 
into the desired bit locations. 


PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple- 
ment the self-check is used to start execution of the boot- 
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may. be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. Refer to application note, WC68705P3/R3/U3 8—bit 
EPROM Microcomputer Programming Module (AN-857 
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Rev.2) for schematic diagrams and instructions on pro- 
gramming the MCU EPROM. 


ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as show in 
Figure 10. Four external analog inputs can be connected 
to the A/D via Port D. Four internal analog channels (VRH — 
VRt. VRH-Vri/2, VRH—-VRL/4, and V__) may be se- 
lected for calibration. The accuracy of these internal chan- 
nels may not meet the accuracy specifications of the 
external channels. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 2 for mul- 
tiplexer selection. The ACR is shown in Figure 10. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the A/D result 
register (ARR); the conversion flag is set; selected input 


is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally,.is sam- 
pled for five machine cycles. Sage os 

The converter uses VRH and VR} as reference voltages. 
An input voltage equa! to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRL, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and should 
be referenced to Vpi for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: {1) VRH should be equal to or less 
than Vcc, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH~ VRL 
should be equal to or greater than 4 volts. 

The A/D has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing errorto + 1/2LSB, rather 
than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VRL. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRu, ideally. 


Table 2. A/D Input MUX Selection 


0 
0 
1 
1 
0 
0 
1 
1 








-a-cnenell 


ep O- 0O- 0-0 





*internal (calibration) levels 


VRH 
VRL 


PDO/ANO 


PD1/AN1 
PD2/AN2 


_ PD3/AN3 


Select 
Muitiplexer 





| Min | Tye | Max | 






A/D Output (Hex) 










0 


A/D Tre SToTS A/D 
con AZZ 
Register L< <j dic - Register 


Figure 10. A/D Block Diagram 
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INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type.. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


| Function | Mnemonic 



























Arithmetic Compare A with Memory are 





BIT MANIPULATION INSTRUCTIONS 
. The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the. condition 
code register. Refer to the following list.for bit manipu- 
lation instructions. 


BRSET-n (n=0...7) 
BRCLR n (n=0... 7) 
Ray ag BSET ni (n=0...7). 


Branch if Bit n is Set : 
Branch if Bit-n is Clear 
Set Bit n 





Clear Bit n as _| BCLR n (n=0...7) 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


| Function | Mneronie | 
[Decrement |e 
| Rotate Right Thru Carry | ROR 
| 
TST 






















| Logical ShiftRight 
[Test for Negative or Zero] TST 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 






Branch Always 






Branch Never | BRN | 
B 






J Branch if NotEqual | BNE 
[| Branchifequal | Be 


BHI 
LS 
; cc 
' Branch if Half Carry Set BHCS 
Branch if Plus } 
MC - 
MS 
i BIL 
SR 


’ Branch if Interrupt Line is Low | BIL 
"Branch if Interrupt Line is High | BIH 
Branch to Subroutine 


Branch if Minus | emi 
Branch if Interrupt Mask Bit is Clear | pmc. | 
Branch if Interrupt Mask Bit is Set 
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CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Transfer A to X 
Transfer X toA fs 


Clear Carry Bit 


Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 























Software Interrupt 
Return from Subroutine : 
Return from Interrupt 


Reset Stack Pointer 


No-Operation 


| ser 
|_RsP__| 
|_Nop | 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


_The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two byte direct- 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various: addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


Inthe immediate addressing mode, the operand is con- 
tained. in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do .not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. ad 


EXTENDED 


in the extended addressing mode, the effective address 
of the argument is contained in.the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. in relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and: only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. , 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 


8-bit index register and the unsigned byte following the 


opcode: The addressing mode is useful for selecting the 
Kth element in an n element table. With this. two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 


tables may begin anywhere within the first 256 address- 


able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). oe 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in-a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
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the single byte immediately following the opcode byte. . 


The signed relative 8-bit offset in the third byte is added 
to the PC:if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 


any readable bit in the first 256 locations of memory. The . 


span of branching is from — 125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In. the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well. as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 











Rating 





—— 
Supply Voltage — 





embat Unit 
“ote +70 |v 







These devices contain circuity to protect 
' the inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
















Input Voltage vised that normal precautions be taken to 
EPROM Programming Voltage . avoid application of any voltage higher than 
(Vpp Pin) ~ —0.3 to + 22.0 maximum rated voltages to this high-imped- 
TIMER Pin —-- Normal Mode -0.3 to +7.0 ance circuit. For proper operation it is rec- 
TIMER Pin — Bootstrap ommended that Vin and Voyt be constrained 
Programming Mode -0.3 to + 15.0 to the range Vgg<(Vjn and Vout)=Vcc. Re- 
All Others . -0.3 to +7.0 liability of operation is enhanced if unused 















inputs except EXTAL are tied to an appro- 
priate logic voltage level (e.g., either Vgg or 
Vcc). 








Operating Temperature Range 
MC68705R3 
MC68705R3C 


Ti to Ty 
0 to +70 
—40 to 85 












Storage Temperature Range 










Junction Temperature 
Plastic 
Cerdip 












THERMAL CHARACTERISTICS 


Thermal Resistance 
Plastic (P Suffix) 

Plastic (FN Suffix) 
Cerdip (S Suffix) 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp*9ya) | (1) 
where: 
Ta = Ambient Temperature, °C 
BIA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Pb 3 AL PPORT 
PINT =!ccVcc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 


Tee amare 


°C/W 
150 
175 


Symbol] Value | Unit | 







For most applications Pport<Pint and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate: relationship between Pp and Ty (if 
Pport is neglected) is: 


| Pp=K+(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp*(Ta+273°C)+ Oy ArPDZ (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 


‘(at equilibrium) for a known Ta. Using this value of K, 


the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Tp 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 





-Vpp Supply Current 


Vpp=5.25 V 
Vpp=21.0 V 





ELECTRICAL CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vde, Vgs =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


Characteristic Symbol | min | typ | Max | Unit 



























































Input High Voltage ViH 
RESET (4.75 < Vcc < 5.75) 

___ (Vec < 4.75) 
INT 4.75 < Vcc < 5.75) 

(Vcc < 4.75) 
All Other 

Input High Voltage (TIMER Pin) VIH 
Timer Mode 
Bootstrap Programming Mode 

Input Low Voltage VIL 
RESET 

INT 
All Other 

INT Zero-Crossing Input Voltage — Through a Capacitor VINT 2.0 — 4.0 Vac p-p 

Internal Power Dissipation (No Port Loading, Vcc =5.25V: =Ta=0°C PINT _— 520 740 mw 
for Steady-State Operation) —. Ta=40°C — 580 800 

Input Capacitance Cin pF 
EXTAL _ 25 —_ 

All Other (See Note) — 10 _ 

RESET Hysteresis Voltage Vv 
Out of Reset Voltage VIRES + 2.1 = 4.0 
Into Reset Voltage VIRES — 0.8 — 2.0 

Programming Voltage (Vpp Pin) Vpp* V 
Programming EPROM 20.0 21.0 22.0 
Operating Voltage 4.75 Vcc §.75 

Input Current | pA 
TIMER (Vin =0.4 V) _— — 20 
INT (Vin = 0.4 V) _— 20 50 
EXTAL (Vin =2.4 V to Vcc) lin —_ — 10 

(Vin =0.4 V) i = — 1600 
RESET (Vjn =0.8 V) IRES -4.0 — -40 
(External Capacitor Changing Current) 














*Vpp (pin 7) is connected to Vcc in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 


NOTE: Port D analog inputs, when selected, Cjpy = 25 pF for the first 5 out of 30 cycles. 
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SWITCHING CHARACTERISTICS a 
(Vcc = +5.25 Vde +0.5 Vde, Vgg=0 Vdc, Ta=0°C to 70°C, unless otherwise noted) 








Characteristic , Symbol 


Normal 
Vinstucion Gyo Time fog) —SSSSCSC~“‘~*~*~*~*~dCSCe = 
teye + 250 
[External Clock Duty Cyl EXTAL) | 
pee | 


Crystal Oscillator Start-Up Time 





A/D CONVERTER CHARACTERISTICS 
(Vcc = +5.25 V +0.5 Vdc, Vgg =0 Vdc, Ta =0°C to 70°C, unless otherwise noted) 





Characteristic Min Typ 


Resolution 8 


— —_—___— 


Non-Linearity _— 


Quantizing Error = 








b 














Conversion Range VRL 

VRH ~_ A/D accuracy may decrease proportionately as 

VRL Vss VRH is reduced be below 4.0 V. The sum of Vay 
and Vri_ must not exceed Vcc. 

Conversion Time 30 Includes sampling time 


Monotonicity Inherent (within total error) 











i lefele} fel vf fifi 








Zero Input Reading 00 01 __| hexadecimal 
Ratiometric Reading FE Vin=VRH 7 
[ Sample Time 5 5 
Sample/Hold Capacitance, Input _ 
Analog Input Voltage VRL Negative transients on any analog lines (pins 
19-24) are not allowed at any time during 
Ls conversion. . : 
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PORT ELECTRICAL CHARACTERISTICS 
(Vec= +5.25 Vde +£0.5 Vde, Vgg =0 Vde, Ta =0° to 70°C, unless otherwise noted) 


Characteristic [symbor [win [tw [mak [un] 


oupe ta VoiaceggetowA von ee 
output High Votage, hoag=—1004A ~*~ | ee | dT 
Fossun etn aa=—048 | vo Weesta [=f 
Pon oi oats oad [vy [2 V 


Hi-Z State Input Current (Vjp=0.4 V) lit 





< 























Port B 

Output Low Voltage, I_oaq=3.2 mA VOL 
Output Low Voltage, !, 9aq = 10 mA (Sink) VOL 
Output High Voltage,. ILpaq= — 200 pA VOH 
lOH 











Input High Voltage VIH 


: V 
Nai LA Velie Ne ee = 0.8 
[Hiz State input Curent | ss | OTe vA 
Port C 
Output High Veicae ILoad= — 100 pA cra ea V 
FO 
input Low Votiags | v 


Input Low Voltage 


Hi-Z State Input Current ITSI ee a aa pA 


Port D (Input Only) 


Input High Voltage _ tf 20 : Vec 



































Input Current 7 _ <4 5 pA 

















MOTOROLA MICROPROCESSOR DATA 
3-621 





MC68705R3 


Vcc=5.75 V 








Test MMD6150 
Point or Equiv. 





1.45 kQ 


40 pF 


MMD7000 
(Total) 


or Equiv. 


Figure 11. TTL Equivalent Test Load 
(Port B) 


Vcc =5.75 V 









Test MMD6150 
Point . or Equiv. 





2.91 kQ 


MMD7000 


30 pF ; 
or Equiv. 


(Total) 


Figure 13. TTL Equivalent Test Load 
(Ports A and C) 






Port DDR 
Port Data 


IP =Input Protection 


To I/O Logic 





Port 17. Typical Input Protection 


Test Point oa 


i; 30 pF (Total) 


Figure 12. CMOS Equivelent Test Load 
(Port A) 


Vcc =5.75 V 
: 3.34. kD 
Test 
Point 


30 pF (Total) 


Figure 14. Open-Drain Equivalent Test Load 
(Port C) 


Vppb 






“4-10 k Typ. 
PB DDR 
PB Data 


IP=Input Protection _ 


Figure 16. Port B Logic Diagram 


I 
Test Point <—_——- 


Vary V, 


Measure | 
()v 


Figure 18. I/O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705R3. 


Table 4. Generic Information 


Package Type Temperature Order Number 


Cerdip = 0°C to 70°C MC68705R3S. 
S Suffix |. —40° to +85°C MC68705R3CS 


Plastic 0°C to 70°C MC68705R3P 
P Suffix —40°C to 85°C MC68705R3CP 


PLCC 
FN Suffix 





MECHANICAL DATA 


PIN ASSIGNMENTS 





Vss0' @ 401] PA7 
RESET 39 PAB 
iNT PAS 
Vec 4 37 PAS 
EXTAL G5 36] PAS 

















po7g17 : - 24f1P00/ANO | TTI OT Oo cI oy 
INT: i. 1 oo oo 1 Neh 
PO6/INT2E 23f] PD1/AN asezSf2Raeie ao 
PD5/VRHO19 221] PD2/AN2 *¢q@egqareroZzt 
PD3/AN3 Rank Age 
i 
PD4/VRL Mj 20 2 Fa ae oe eee 
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TECHNICAL DATA NIC68705R5 


Technical Summary 


8-Bit EPROM Microcontroller Unit 


. The MC68705R5 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume. 
applications. This low cost MCU has parallel 1/O capability with pins programmable as input or out- 
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto- 
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for-additional feaidies 
available on the MCU. 


e@ Internal 8-Bit Timer with 7-Bit 





@ Bootstrap program in ROM 
Programmable Prescaler e 112 Bytes of RAM 
@ On-chip Oscillator e 3776 Bytes of Eprom 
@ Memory Mapped I/O @ 241/0 Pins 
@ Versatile Interrupt Handling @ 4-Channel Analog-to-Digital 
e Bit Manipulation Converter 
e Bit Test and Branch Instruction @ EPROM Security Feature 
e Vectored Interrupts 


BLOCK DIAGRAM 


XTAL EXTAL RESET Vpp INT 
ume 
rescaler 
g Counter 




















TIMER 
PA a 
a Accumulator eae 
oS PA2 Port | Data 8 Al Beh) 
v0 i ‘a Dir Index Control 
L a Reg Reg Register PDO/ ANO 
eee . a! P| PD1/AN} 
EN Condition PtP PD2/AN2 Pen 
= Code PTT PD3/AN3 
PD4/Va_ input 
5 _Register cc ease 
a ne eT 
, Stack Tele | | PD6/INT2 
‘Pointer a a8 PD? 
fa : - WV WY 
Port Mid Program 
B bard Port Counter - Port D 
ue Pea : : 4 ss AS Input 
Lines PBS ash Program 
PB6 Counter 
PB7 Low PCL PCO 
PC1 
Data } Port PC2 £4 
Dir Cc PC3 
3776 x 8 112 x8 Reg Reg PC4 0 
EPROM RAM PC5 Lines 
1ST x & PC6 
Bootstrap PC7 


ROM 


This document contains information on a new product. Specifications and information herein are subject to. change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vssg is 
ground. 


VPP 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 
This pin provides the capability for asynchronously ap- 


plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on mask option 
register setting) is connected to these pins to provide a 
system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure. 1. The relationship between R 
and fosgc is shown in Figure 2. 


Cy 


L 
EXTAL : Rs XTAL 


AT — Cut Paraliel Resonance Crystal 

Co=7 pF Max 

Freq. =4.0 MHz @ C, =24 pF 

“ Rg =50 ohms Max. 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, Cy, and Rs values. 







EXTAL 





MCU 


External 5 | EXTAL (Crystal Option, 
Clock ° : See Note 1) 
Input 

: External Clock 
NOTES: 


Oscillator Frequency (MHz) 






MCU 
(RC Option, 
See Note 1) 


Approximately 25% to 50% Accuracy 
Typical toy = 1.25 ps 
External Jumper 





0 10 20 30 40 50 60. 70 80 
Resistance (kf) 
Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only. 
Crystal _ 


The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Refer 
to ELECTRICAL SPECIFICATIONS for Vcc specifications. 


External Clock te 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to:Vss, as shown in Fig- 
ure-1. This option may only be used with the: crystal 
oscillator option selected in the mask option register. 













MCU 
5] EXTAL (Crystal Option, 
See Note 1) 


(See Note2) C3 





Crystal 





MCU 
S}EXTAL {RC Option, 
No See Note 1) 


Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


1. For the MC68705R5 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vcc. the clock generator option is determined by bit 7 of the Mask Option Register (CLK). 

2. The recommended C_ value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
‘internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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TIMER 
This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 


higher voltage level used to initiate the bootstrap pro-' 


gram. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
‘pullup. The MCU can be reset by pulling RESET low. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC7, 
PDO-PD7) J 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port. It has up to 
four analog inputs, plus two voltage reference inputs when 
the analog-to-digital converter is used (PD5/VRH, PD4/ 
VRL), and an INT2 input. Port D lines can be read directly 
and used as binary inputs. If an analog input is used, then 
the voltage reference pins must be used in the analog 
mode. Refer to PROGRAMMING for additional informa- 





tion. — 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 

Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers. are‘ not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 


Data Direction 
Register* Bit 


Latched 

Output 

Internat Beant 
Connections 





data bit may always be written.. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). See Table 1 for I/O 
functions and to Figure 3 for typical port circuitry. 

Port D provides reference voltage and multiplexed an- 
alog inputs. The VR, and VRH lines are internally con- 
nected to the A/D resistor. Port D can always be used as 
digital inputs, but for analog inputs, VRH and VR, must 
be connected to the appropriate reference voltage. 


NOTE 
Read-modify-write instructions should not be used 
when writing to the DDR because DDRs always read 
as ‘one’. 


Table 1. /O Pin Functions 


Data Latched 
Direction Output 
Register Data Output 
Bit Bit State 





**Port B andC are three-state ports. Port A has aninternal pullup 
devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The location consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con- 
trol register, miscellaneous register, A/D control regis- 
ters, and I/O. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own EPROM. 





Figure 3. Typical Port /O Circuitry and 
Register Configuration 
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7 
000 
1/0 Ports 
Page Zero Timer 
Access With RAM 
Short 127 (128 Bytes) 
Instructions 128 Page Zero 
User EPROM 
255 (128 Bytes) 
256 
Main 
EPROM 
(3640 Bytes) 
* °3895 
3896 
3897 
= 
3968 Bootstrap 
ROM; 
4087 (120 Bytes) 
4088 ; 
Timer Interrupt 
4089 
4090 
Interrupt J 4091 
Vectors | 4092 
4093 
4094 
4095 





765 43 2 10 


wn 
so 
sn 
son 
sot 
sons 
soo 
sm 
so 
sn 
3 son 
08 
snc 
oo 
a 
snr 


oO 


eo On DOT FW DN = 


RAM $010 
(112 Bytes) 
Stack 
(31 Bytes Maximum) 
127 SO7F 


*Caution: Data'direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. ; 


ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 0 


er eee 


INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 








an effective address. The index register may also be used 
as a temporary storage area. 


7 pt 








PROGRAM COUNTER (PC) 


The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 


11 8 7 07 


PCH Li PCL 


STACK POINTER (SP) 


The stack pointer is an 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 0 


‘ 5 4 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
Lali [nize | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1). 


Zero (2) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the reset 
line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 5) typically provides sufficient 
delay. : 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES— to provide an internal reset voltage. 








Figure 5. Power-Up RESET Delay Circuit 


INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2)} 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


re 
Push 


* For subroutine calls, only PCH and PCL are stacked. 


Pull 








4 3 1_0 
Condition 

Code Register "+1 

n+2 

n+3 


n+4 


n+5 


Figure 6. Interrupt Stacking Order 


NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 
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11 (in CC) 
O7F » SP 
0#DDRs 
CLR INT Logic 
FF » Timer 
TCR6 41 
TCR7 0 


Put FFE on 
Address Bus 






















RESET 
Pin= High 









Load Options From 
MOR ($F38) Into 
Controt Logic 











: Load PC 
From 
FFE/FFF 





TIMER. INT) 
TCR7¢TCR6 


Fetch 
Instruction 


is Fetched 
instruction 
on SWI? 


Execute 
Instruction 














Stack 
PC, X, A, CC 


Request 
Latch 



















Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
___Timer or 

INT2: FF8/FF9 








PC @ PC+1 


Figure 7. Reset and Interrupt Processing Flowchart 


TIMER INTERRUPT 

If the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the énd of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 


EXTERNAL INTERRUPT 

The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 


an interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (f| NT maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging. dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 

With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw, tWH. 
Refer. to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 
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(a) Zero-Crossing Interrupt 






ac 


(Current 
Input ? 
(fint Max.) Limiting) 
Rs1MQ 
ac Inputs 
10 Vac p-p 


{b) Digital-Signal Interrupt 


Vcc 





TTL. 4. 
Level 
Digital 
Input 


Figure 8. Typical Interrupt Circuits 


MODES OF OPERATION 


The MCU has two modes of operations. These modes 
are the normal and bootstrap. The following paragraphs 
describe the modes. 


NORMAL MODE — 

This mode is a single-chip mode and is entered if the 
following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vcc. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 








BOOTSTRAP 
The bootstrap mode is entered if the TIMER pin equals 
12 V. Refer to application note, WC68705P3/R3/U3 8-Bit 








‘CIN Timer Data Register (TDR) 


8-Bit Counter 


*. 7-Bit Prescaler 








Select 
1-of-8 








EPROM Microcontroller Programming Module, (AN-857 
Rev.2). 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 


Microcomputer internal Bus ~ . EPROM 
Write Read Program 







' EPROM Byte 
Mask Option Register (MOR) 


Timer 
‘Interrupt 
Request 


Figure 9 Timer Block Diagram 
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| bit in the condition code register is cleared and the TCR 
bit 6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
‘interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since’a timer interrupt has occurred without dis- 
turbing ane eounang process. The TDR is unaffected by 
reset. 


SOFTWARE CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para- 
graphs describe the different modes. 


Timer Input Mode 1 

When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
_reference for frequency and event measurement. 


Timer Input Mode 2 

When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high; external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. , 


Timer Input Mode 3 
When TIE =0 and TIN =1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 

When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. Frequency of 
external input must be = foge/8. 


MOR CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
sae as described in SOFTWARE CONTROLLED MODE. 
‘The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0; 1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4):and 


PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT =1, the TCR emulates the MC6805R2; when 
TOPT =0, the TCR is contioled by software. 


TCR with MOR TOPT=1 é, 
7 6 5 4 3 2 1 0 


ma {rm | + | 


TCR with MOR TOPT=0 














a a ee Tt ce, eee 
tw | tie | esc | ps2 | psi | so | 
RESET: - 8 


0 1 U U U U U U 


*The value of corresponding bits in MOR is written ducing RESET rising 
edge. These bits always read “one”. 


TIR — Timer interrupt Request 
Used to indicate the timer interrupt when it is logic 
one - 
- 1=Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power: on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0= Interrupt enabled | 
TIN — External or Internal 
Selects input clock source 
1 =External clock selected 
0=Internal clock selected (fosc.4) 
TIE — TIMER External Enable 
Used to enable external TIMER pin. When TOPT = 1, 
TIE is always a logical “one”. 
1.=Enables external.timer pin 
0=Disables external timer pin 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets. the 
prescaler to zero. A read of this location always in- 
dicates a zero when TOPT=0. When..TOPT = 1, this 
bit will read a logical ““one1” and has no effect on 
the prescaler. ; 
PS2, PS1,,PSO — Prescaler Select Bits 
Decoded to select one of eight outputs. of the pres- 
caler 


NOTES 
When changing the PS bits in software, the PSC 
bit should be written to a ‘‘one’’ in the same write 
cycle to clear the prescaler. Changing the PS bits 
‘without clearing the prescaler may cause prescaler 
truncation. 
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MASK OPTION REGISTER (MOR) $F38 


The MOR is implemented in EPROM. This register con- 
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

7 6 5 4 3 2 1 “0 

CLK | roPT | CLS iz _[ sum | p2 | pi | po_| 
CLK — Clock (oscillator type) 

1=Resistor Capacitor (RC) 
0=Crystal 
TOPT — Timer Option 
1 =MC6805R2 type timer/prescaler. All bits except 
6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805R2 mask options. 
0=All TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0=Internal clock 
Bit 4 
Not used if TOPT=1. Sets the initial value of TIE in 
the TCR if TOPT=0. 
1=Not used 
0 = Sets initial value of TIE i in the TCR 
SNM — Secure Mode 
1=EPROM contents cannot be access externally 
0=EPROM not programmed 
P2, P1, PO — The logical levels of these bits, when de- 
coded, select one of eight outputs on the timer prescaler. 





















































[ 





P2 P1 +— Po Divide By 

0 | 0 0 1 

0 0 1 2. 
0 ies: oe 4 

0 a) ee 8 
Hct Gaak O au 16 
hed 0 1 32 

1 ie 1 1.0 64 

1 1 oS 128 


PROGRAMMING CONTROL REGISTER (PCR) $00B | 
The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. Because the 


bootstrap program manipulates the PCR when program- 
ming, the user need not be concerned with PCR in most 
Te hs 


cot TC eee 


RESET: 
U U U U U U 1 1 








PLE — Bésgianining Latch Evable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 
1=Read EPROM 
___ 0=Latch address and data on EEROM 
PGE. — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming : 
0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to “one”, disconnects PGE and PLE 
from the chip. 
1=No high voltage on Vpp pin 
0=High voltage on Vpp pin 


NOTE 


VPON being “zero” does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in n the normal operating 
mode. 


















Programming Conditions 


Programming mode (program 
EPROM byte) 


PGE and PLE disabled from 
system 


Programming disabled latch 


address and data in EPROM) 


PGE and PLE disabled from 
system 


Invalid state; PGE =0 if PLE =0 
invalid state; PGE = 0 if PLE = =0 | 
“High voltage” on Vpp 


PGE and PLE disabled from 
system (operating mode) 




































EPROM PROGRAMMING 


ERASING THE EPROM 


The EPROM can be erased by exposure to high-inten- 
sity ultraviolet (UV) light with a wavelength of 2537 angs- 
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm?. The lamps should be 
used without:software filters,.and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MCU EPROM to the “0” state. 
Data then can be entered by programaiing “1s” into the 
desired bit locations. 
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PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple- 
ment the self-check is used to start execution of the boot- 
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. The MC68705R5 is programmed the same as the 
MC68705R3. Refer to application note, MC68705P3/R3/U3 
8-Bit EPROM Microcontroller Programming Module 
(AN-857 Rev.2) for schematic diagrams and instructions 
on programming the MCU EPROM. 


EMULATION 


The MC68705R5 emulates the MC6805R2 and 
MC6805R3 “exactly”. The MC6805R2 and MC6805R3 mask 
features are implemented in the mask option register 
EPROM byte. The following list identifies a few minor 
exceptions to the exactness of the emulation. 

1. The MC6805R2 ‘‘future ROM” areas are imple- 
mented in the MC68705R5, and these 1728 bytes 
must be left unprogrammed to accurately simulate 
the MC6805R2. 

2. The reserved ROM areas have different data stored 
in them. In the MC6805R2, this area is used for self- 
check, and in the MC68705R5 this area is used for 
the bootstrap program. 

3. The MC6805R2 reads all ones in the 48 byte ‘‘future 

'» RAM!.area. This area is not implemented on the 

MC6805R2 mask ROM version but is implemented 
on the MC68705R5. 

4. The MC68705R5 Vpp (pin 7) line is tied to Vcc during 
normal operations. On MC6805R2, this pin is 
grounded during normal operation; on MC6805R3, 
this pin is not connected. 





VRH 
VRL 


PDO/ANO 


_ ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as show in 
Figure 10. Four external analog inputs can be connected 
to the A/D via port D. Four internal analog channels (VRH -- 
VRL. VRH-VRL/2, VRH-VRL/4, and Vea_) may be se- 
lected for calibration. The accuracy of these internal chan- 
nels may: not meet the accuracy specifications of the 
external channels. 

Multiplexer selection is controlled by the AD control 
register (ACR) bits 0, 1, and 2. Refer to Table 2 for mul- 
tiplexer selection. The ACR is shown in Figure 10. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the AD result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in: progress is aborted 
and the selected input, which is held internally, is sam- 
pled for five machine cycles. ‘ 

The converter uses VRH and VR, as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than Vpi, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and should 
be referenced to Vrt for the raticmetric conversion. To 
maintain full accuracy of the AD, three requirements 
should be followed: (1) VRH: should be equal to or less 
than Vcc, (2) VRL should be equal-to or greater than VSs 
but less than maximum specifications, and (3) VRH -VRL 
should be equal to or greater than 4 volts. 

The A‘D-has a built-in 1 2 LSB offset intended to reduce 
the magnitude of the quantizing errorto - 12LSB rather 
than +0, -1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 


bon eee 


Logic 


8 





PDI/AN1 
PD2/AN2 


PD3/AN3 


A/D 
Control 
Register 






Result 
. Register 


Figure 10. A/D Block Diagram 
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. Table 2. A/D Input MUX Selection 



































A/D Contro: Register A/D Output (Hex) 
Input Selected op. 
ACR2 | ACR1 | ACRO cc Me Typ 
o | o | o ANO | 
0 0 1 AN1 
0 1 0 AN2 
0 1 ed AN3 
1 0 0 VRH* FE FF 
1 0 1 Vat* | 00 00 
1 1 0 VRH/4* 3F 40 
1 1 1 VRH/2* 7F | 80 


*Internal (calibration) levels 


at 1 2 LSB above Vp_. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRH, ideally. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


Function Mnemonic 


| Load A from Memory 





Load X from Memory 





Store A in Memory 





Store X in Memory 
Add Memory to A 
| Add Memory and Carry to A 











Subtract Memory 





Subtract Memory from A with Borrow 
AND Memory to A 
OR Memory with A 











Exclusive OR Memory with A 





Arithmetic Compare A with Memory 





Arithmetic Compare X with Memory 





Bit Test Memory with A (Logical Compare) 





| Jump. Unconditional! 





Jump to Subroutine 











READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 


value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



















































a 
Function Mnemonic 
Increment AZINE 
Decrement DEC 
Clear . oi CUR | 
Complement 2 COM 
Negate (2's Complement) ; [NEG 
Rotate Left Thru Carry axils ROL i 
Rotate Right Thru Carry fe & ROR | 
Logical Shift Left LSL 
Logical Shift Right a “LSR 
Arithmetic Shift Right aie ASR | 
Test for Negative or Zero Tst | 





BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Function Mnemonic 
Branch Always 


Branch Never 


Branch if Higher 


Branch if Lower or Same 








Branch if Carry Clear BCC 4 
(BHS) 
(Branch if Lower) (BLO) 
Branch if Not Equal BNE 
Branch if Equal BEQ 
Branch if Half Carry Clear BHCC 


Branch if Half Carry Set 
Branch if Plus 





[ (Branch if Higher or Same) 





Branch if Carry Set 
































Branch if Minus 
Branch if Interrupt Mask Bit is Clear BMC 
Branch if Interrupt Mask Bit is Set 












Branch if Interrupt Line is Low 








Branch if Interrupt Line is High 
Branch. to Subroutine BSR | 














BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
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all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For. test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 


| Funetion | Mnemonic | 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for contro 
instructions. 



























M ie | 
nemonic | 
TAX 


TXA a 


Function 





Transfer A to X 
Transfer X to A 


Set Carry Bit 
Clear Carry Bit 
Set Interrupt Mask Bit 


Clear Interrupt Mask Bit 


Software Interrupt 


Return from Subroutine RTS 
RTI 
os 
meeetee t 




















Return from Interrupt 





RSP - 
NOP 


Reset Stack Pointer 








No-Operation 








OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten-different addressing modes to pro-. 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate.data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte di- 
rect addressing instructions access all data bytes in most 


applications. Extended addressing permits jump instruc- 
tions to reach all memory. oe 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to. + 129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing. mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


. INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 
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Table 3. Opcode Map 

























































































Bi Manipulation | Branch Read-Modify-Write ‘ as [ 1 ____Register/Memo: ea 
rae REL IR INH INH 1X1 IX INH INH (IMM DIR | X L 2 | mt JT x | 
T : a 4 | 5 - 6 7 8 9 A 8 
how | coco _| oo | ot | oo | om | ot | on woo | wor | re | on | too | | to | To 
4 6 4 a 7 6 ,. 4 3 q 
BRSETO , BSETO BRA NEG ~ NEG NEG . NEG © |“! NEG RTI SUB SUB SUB SUB SUB SUB eine 
i R DIA 1 INH | 1 INH 2 emp. 1 IX 4 ~_INH ‘ IMM 2 DIR : XT 7 Xx £ 1X1 7 X Q000 
4 : 
ii har * BCLRO ally : . RTS : CMP. CMP CMP CMP > 5 CMP CME ae 
L 2 2 1 INH. : 2 IMM _]_ 2 DIR | 3 EXT | 3 (x2 x1 j 
: \? 4 i + 2 v4 } 5 6 d 
bac “BRSET! BSET1 en SBC SBC SBC _ SBC - SBC SBC < 
: : 2 IMM _] 2 or | 3 EXT | 3 iX2 | 2 ixt jd 1 
4 tL C52, [4 ta |? 6 n 2 +3 “| 4 : 5 6 
3 BRCLAL  BciRt BLS _ COM COMA COMX COM... COM SWI CPX CPX 
ool : R DIR i INH | 1 ~INH | 2 x14 ix [1 INH { 2 {MM |. 2 0 
7 4 6 4 4 7 6 4 
“ito ne BSET2 Bcc LSR : LSRA ; LSRX : LSR LSR AND, if ANG. Tk] 
5 : INH INH xt] 1X 2 IMM |-.2. 0100 
Z Bsc te REL {2 q 1 1 4 Z +e 
a ‘BRCLAZ BCLR2 BCS. BIT: BIT 
IMM | Zz 010 
iC eee En LP COE =< ta 
6 "BRSETS BSET3 BNE ROR ~RORA ‘RORX ROR . ROR LDA LOA ra 
0110 _.BT8 B A Zz IR_| 1 INH {1 INH | 2 1X1 1 IX eI ee 2 IMM | 2 
10 “ [7 4 6 4 4 |? 6 2 5 
7 BRCLR3 BCLR3 BEQ . ASR - ASRA ASRX ASR ASR TAX STA 
on BTB REL | 2 or | 1 INH | 1 INH | 2 xi IX di INH 2 Out 
0 7 ig 6 4 7 [6.78 72 4 
8 BRSET4 BSET4 BHCC LSL LSLA LSLX -LSL ~ LSE CLC EOR EOR . le 
1900 BIB 8 Ri DIR i 1 INH | 1 INH } 2 1X1 1 IX 41 INH: | 2. IMM. 000 
10 7 4 6 4 4 [7 ~ 16 = 2 2 [« 
9 BRCLR4 BCLR4 } BHCS ROL ROLA ROLX ROL - ROL SEC ADC ADC 
1001 3 BIB i 2 R oir | INH | 4 INH | 2 IT hs PEE 4a INH | 2 imMm | 2 
ears Be 4 6 TA 4 7 6 : 2 i 
A BRSETS BSET5 BPL : DEC DECA DECX DEC DEC Cli ORA ORA ae 
010 BIB 8 oyts] 1 INH :] INH | 2 iX1 1 1x 1 INH | 2 iMM | 2 
10 7 4 el a : 15 t4- 
BRCLRS BCLRS BMi SEI ADD ADD ADD Hae 
3 Bre | 2 Bsc | 2 REL al | | 1 INH_| 2 IMM | 2 
7 4 é a a 7 6 2 1 “3 a 
~¢ BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP 
1100 BTB BS 2 REL | 2 DIR {1 INH j 1 INH | 2 1x1 1 IX 4 i] INH | Ps 1100 
10 7 4 6 Te 4 eZ 6 2 Talia? 
D BRELR6. BCLRG BMS TST TSTA TSTX TST TST NOP BSR JSR 
1101 BTB R OR | _INH | } INH 42. x1] 1 IX 1 INH REL | 2 
0 4 | T 4 
BRSET7 " SET? eat LDX LDX ae 
BTS EL IMM | 2 
10 Sa a To. 6 TF Te 
F BRCLR7 BCLR?. are CLR CLRA CLRX CLR CLR TXA STX hae 
: or INH f 1 INH | 2 x1 ]1 Ix li INH 2 














Abbreviations for Address Modes 


INH Inherent Opcode in Hexadecimal . 





IMM immediate 

DIR Direct : 
EXT Extended ye OU CRS Opcode in Binary 
“REL Relative 3 Mnemonic 

BSC Bit. Set/Clear Bytes 

.BTB Bit Test and. Branch 

ix Indexed (No Offset) Address Mode 
Ix1 Indexed, 1 Byte (8-Bit) Offset ; 


1X2 Indexed, 2 Byte (16-Bit) Offset 
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INDEXED, 16-BIT OFFSET 


‘In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including |/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 


bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory iocation. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 





MAXIMUM RATINGS 






































Rating Symbol Value Unit | These devices contain circuity to protect 
+ the inputs against damage due to high static 
Supply Voltage _{ Vee Bi ~0.3 to +7.0 Vv voltages or electrical fields; however, it is ad- 
Input Voltage V vised that normal precautions be taken to 
EPROM Programming Voltage avoid application of any voltage higher than 
(Vpp Pin) : Vpp 0.3 to +22.0 maximum rated voltages to this high-imped- 
TIMER Pin — Normal Mode Vin —0.3to +7.0 ance circuit. For proper operation, it is rec: 
TIMER Pin — Bootstrap ommended that Vjn.and Vout be constrained 
Programming Mode Vin -0.3 to + 15.0 to the range Vss" (Vin and Vout)’ Vcc. Re- 
All Others | Vin 0.3 to +7.0 liability of operation is enhanced if unused 
—- inputs except EXTAL are tied to an appro- 
Operating Temperature Range TA TL to TH Cc priate logic voltage level (e.g., either Vss or 
MC68705R5C -~40 to +85 
-r— = 
Storage Temperature Range Tstg ~§5 to +150 Cc | 
aes T 
Junction Temperature Ty CW | 
Plastic 150 
Cerdip 175 
THERMAL CHARACTERISTICS 
(i Characteristic Symbol Value Unit 
Thermal Resistance 
Plastic (P Suffix) A 50 CW 
Plastic (FN Suffix) 100 
Cerdip (S Suffix) 60 
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rOmen CONSIDERATION | 
The average ‘éhine junction temperature, Ty in °C. can 
be obtained from: 


Ty=Ta+(Ppe Aya) (1) 
where: 
TA = Ambient. Temperature, °C 
HyA’ | = Package Thermal Resistance, 
: Junction-to-Ambient, °C/W 
Pp = Pint+Pport 
PINT  =!cecxVec: Watts — Chip Internal Power - 
Pport = Port Power Dissipation, 


Watts — User Determined 


ELECTRICAL CHARACTERISTICS 
(Vcc 


Characteristic 


Input High Voltage 
RESET (4.75: Vcc: 
(Vee: 4.75) 
INT 4.75 ~ Vee -. 5.75) 

(Vcc: 4.75) 
All Other 


5.75) 





Input High Voltage (TIMER Pin) 


Timer Mode 
Bootstrap Programming Mode 


For most applications PeortT<Pint and can bene: 
glected. PPOoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


PpwHK+HTy +273°C) (2) 
Solving equations (1) and. (2) for K gives: 
K=Pp° (Tp +273°C) +0 )asPp2 (3) 


where K is a constant pertaining to the particular: part: K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value.of K, 
the values of Pp and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty 


+ 5.25 Vde + 0.5 Vdc, Vgg =0 Vdc, Ta =0°C to 70°C, unless otherwise noted) 





Input Low Voltage 
RESET 
INT. 
All Other 


INT Zero-Crossing Input Voltage — Through a Capacitor 


Internal Power Dissipation (No Port Loading, Vcc = 5.25 V 
for Steady-State Operation) 





/ Input Capacitance 
EXTAL 
All Other (See Note) 


RESET Hysteresis Voltage 
Out of Reset Voltage 
Into Reset Voltage 








Ta=0°C 
Ta = 40°C 











Programming Voltage (Vpp Pin) 
Programming EPROM 
Operating Voltage 





Input Current 
TIMER (Vjn = 0.4 V) 
INT (Vin = 0.4 V) 
EXTAL (Vin = 2.4 V to Vcc) 
(Vin = 0.4 V) 
RESET (Vin = 0.8 V) 
(External Capacitor Changing Current) 





*Vpp (pin 7) is connected to Vcc in the normal operating mode. 














— 1600 © 


IRES 











**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 


NOTE: Port D analog inputs, when selected, Cj; = 25 pF for the first 5 out of 30 cycles. 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 Vde + .05%, Vgg =0, Ta = 20°C to 30°C, unless otherwise noted) 












































Characteristic Min 
Programming Voltage 20.0 
cs Supply Current 
Vpp=5.25 V = 
Vpp=21.0 V oie 
Oscillator Frequency 0.9 
Bootstrap Programming Mode Voitage 9.0 
(TIMER Pin) @ l|HTp= 100 pA Maximum 

















SWITCHING CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vdc, Vgg = 0 Vde, Ta = 0 C to 70 C, unless otherwise noted) 








| Characteristic . Symbol Min Typ Max Unit 
Oscillator Frequency fosc ; MHz 


N | 4 _ : 
orma | 0 4.2 
Instruction Cycle Time (4.fogc) teyc 0.950 — 10 us : 3 














| INT, INT2, or Timer Pulse Width twL. tWH teye + 250 _ — ns 
RESET Pulse Width tRWL teyct 250 = — ns 
tRHL = 100 —_ ms | 
kHz 


RESET Delay Time (External Cap = 1.0 wF) 
fINT 0.03 _— 1.0 


40 






























| int Zero Crossing Detection Input Frequency 
External Clock Duty Cycle (EXTAL) 


































Crystal Oscillator Start-Up Time 


A/D CONVERTER CHARACTERISTICS 
(Vcc = +5.25 V +0.5 Vde, Vgg =0 Vde, Ta OC to 70°C, unless otherwise noted) 



























































Characteristic Min Typ Max Unit Comments 

Resolution 8 8 8 Bits 
fae a ras | | ae 

Non-Linearity 2 = 2s LSB a For VRH=4.0 to 5.0 V and Vp, =0 V. 

2 = 

Quantizing Error St — “2 LSB 

Cc ion R V Vv V , 
| Conversion Range ‘| Ri | — |__VRH ae 

VRH _ _— Vcc Vv A.D accuracy may decrease proportionately as 

i — 

VRL Vss _ 0.2 V VRH is reduced be below 4.0 V. The sum of VRH 
i ai J ee L and Vp; must not exceed Vcc. | 

Conversion Time - 30 30 30 t Includes sampling time 

CYC — 

L Monotonicity ie 2 Inherent ee total error) 

Zero Input Reading 00 00 01 hexadecimal Vin =0 
L Ratiometric Reading _| FE FF FF hexadecimal Vin=VRH 

Sample Time 5 5 i] 5 teye 
r + : 

Sample/Hold Capacitance, Input _ — 25 pF ; 

Analog Input Voltage i VRL = VRH Vv Negative transients on any analog lines (pins 19- 

_ {24 are not allowed at any time during conversion. 
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PORT ELECTRICAL CHARACTERISTICS 
(Vcc= +5.25 Vde +0.5 Vde, Vgg =0 Vde, Ta =0° to 70°C, unless otherwise noted) 










































































Characteristic ai Symbol | Min Typ Max Unit a 
Port A | 
—- —- 1— 
|, Output Low Voltage, ILoad = 1.6 mA VOL _— _— 0.4 Vv 
Output High Voltage, ILoadq= — 100 pA VOH 2.4 — _— V 
Output High Voltage, I_Lgad= —10 pA VOH Vcc - 1.0 _ _ V 
Input High Voltage, ILoaq= — 300 pA (Max) VIH 2.0 _— Vec | Vv 
Input Low Voltage, IL_gaq = — 500 pA (Max) VIL Vss _ 0.8 V 
Hi-Z State Input Current (Vin = 2.0 V to Vcc) IIH — _ — 300 nA a4 
Hi-Z State Input Current (Vjp =0.4 V) We _ _ — 500 LA 
Port B , 
7S —— 
Output Low Voltage, Itoaq = 3.2 mA VOL — — 0.4 V 
| Output Low Voltage, ILgaqg = 10 mA (Sink) VOL L — _ 1.0 Vv 
Output High Voltage, ILoaq= ~ 200 pA VOH 2.4 _ = V 
} 
Darlington Current Drive (Source), VQ =1.5 V 1OH —1.0 24 — L —10 mA | 
r 7 








3 Input High Voltage VIH 2.0 _ Vcc V 
Input Low Voltage: v a 














VIL Vss pce | 0.8 tL 
| Hi-Z State Input Current ITs| ie ee <2 10, A 
Port C 
| Output Low Voltage, load = 1.6 mA re ae ie = ea 0.4 aoe! 7 
Output High Voltage, I_gag = — 100 pA VOH 2.4 = _— ov 
Input High Voltage VIH 2.0 _— Vcc V 
Input Low Voltage VIL Vss —_ 0.8 V 
Hi-Z State Input Current ITs! ~ <2” 10 yA 





Port D (Input Only) 





Input High Voltage 








Input Low Voltage 

















Input Cu rrent 





Vec=5.75V 






Test - MMD6150 
Point or Equiv. 





1.45 kQ 


Test Point ——— 
40 pF 12k@ yw MMD7000 30 pF (Total) 
(Total) 5 or Equiv. | . 
Figure 11. TTL Equivalent Test Load Figure 12. CMOS Equivalent Test Load 


(Port B) (Port A) 
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Vcec=5.75V 









Test MMD6150 
Point or Equiv. 2.91kQ 

MMD7000 
or Equiv. 


30 pF 
(Total) 


Figure 13. TTL Equivalent Test Load 
(Ports A and C) 







Port Data 


IP = Input Protection 


Figure 15. Ports A and C Logic Diagram 


To I/O Logic 





Figure 17. Typical Input Protection 


MC68705R5 | 


30 pF (Total) 


Vcc=5.76V 
3.34 ko 

Test 

Point 


Figure 14. Open-Drain Equivalent Test Load 
(Port C) 


VoD 
O 






1-10k Typ. 


PB DOR 
PB Data 


IP = Input Protection 


Figure 16. Port B Logic Diagram 


Test Point <——| 


Vary V, 


Measure | 
() Y 


Figure18. I/O Characteristic 
Measurement Circuit 
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MECHANICAL DATA 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 


for the MC68705R5. 


Table 4. Generic Information 

















kes . Package Type { Temperature Order Number 
Cerdip 0°C to 70°C MC68705R5S 
S Suffix fs —40°C to + 85°C MC68705R5CS 
Plastic 0°C to 70°C MC68705R5P 
P Suffix — 40°C to 85°C MC68705R5CP 
PLCC — 40°C to 85°C MC68705R5CFN 
FN Suffix 














PIN ASSIGNMENTS 


VssQ! @ 401] PA7 
RESET] 2 39 [J PAG 
iNT 38 f] PAS 
Voc 04 PA4 
EXTALY]5 36{] PAS 
XTALQ6 35f] PA2 
VepQj7 Saf] PAI 
TIMERG 8 33 {7 PAO 








PpD7Qj17 24] PDO/ ANO 
PD6/INT2 918 . 230} PD1/AN1 
PD5/VRHo19 22] PD2/AN2 


PD4/VR_Q20 219] PD3/AN3 














LITT LILCIU OL LCICI OC 
oor NOM Nan 
me2zz7zZ22e7zF ao 
Sag LSS iee = 
sr an 4 FHS 
aaga 

aqaa e oo 
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Technical Summary 
8-Bit EPROM Microcontroller Unit 


The MC68705 (HMOS) Microcontroller Unit (MCU)is an EPROM member of the MC6805 Family of 
microcontrollers. The user programmable EPROM allows program changes and lower volume ap- 
plications. This high performance MCU has parallel I/O capability with pins programmable as input 
or output. This publication contains condensed information on the MCU; for detailed information, 
refer to Advance Information 8-Bit Microcontroller (ADI997R1) or contact your local Motorola sales 
office. : , 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

@ One 7-Bit and One 15-Bit Software Programmable Prescaler @ Bootstrap Program in ROM 
On-chip Oscillator @ 3752 Bytes of EPROM 
Memory Mapped I/O _ . @ 104 Bytes of RAM . 
Versatile Interrupt Handling e@ Serial.Peripheral Interface -. 
Bit Manipulation ' @ Two 8-Bit and One 16-Bit Timers’ 
Bit Test and Branch Instruction e A/D Converter ; 
Vectored Interrupts e@ EPROM Read Inhibit Security Bit -. 





‘BLOCK DIAGRAM © 
PRESCALER1/PCO = PRESCALER2/PC1 
OC . 
XTAL @ even | TIMER A |PRESCALER 1}-—4 PORT C TIMER C_] CAPTURE 
EXTAL O 2 TIMER A CONTROL | DOR | TIMER. C CONTROL 
REGISTER REGISTER 
MISCELLANEOUS 
PAD REGISTER 
ACCUMULATOR PROGRAM — \s5 
COUNTER 


ras ofa PEORBTENSOOE | tsa 
PAB O COUNTER 
PAT STACK POINTER HIGH 


uv 
QP 
pC) 
O 
oaAwov 


ANOIPDO 
ANTUPA1 
AN2/PD2 
AN3/PD3 
O VAL 

oO -VRH 
INT2 


AN4 
VSTBY 











; CONTROL ALU 
INT] © : 


a 
oO 
a 
— 
Oo 

sz 

xz 

oo 


SPt DATA PORT B : 


O O eo. O 
PBO PBI PB2 = PB3 
_ SPISS SPICL SPID SPID 


EPROM 
37528 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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"SIGNAL DESCRIPTION 


Vcc and Vss 
Power is supplied to the microcontroller using these 


two pins. Vcc is + 5.25 volts (+0.5A) power, and Vss is 


ground. 


NUM 


This pin is for factory use only. It should be connected 
to Vss. 


INT1, INT2 


These pins provide the capability for asynchronously 
applying an external interrupt to the MCU. Refer to IN- 
TERRUPTS for more detailed information. 


XTAL, EXTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 
on setting of the Mask Option Register) is connected to 
these pins to provide a system clock. 


RC Oscillator 


With this option, a resistor/capacitor combination is 
connected to the oscillator pins as shown in Figure 1(c). 
Refer to Figure 2 for the relationship between R and fosc. 


EXTAL Ly 
” 


XTAL .. 
26 





At-CUT PARALLEL RESONANCE 
CRYSTAL 

Co=7 pF MAX. 

FREQ. = 4.0 MHz(« Cl = 24 pF 

Rg=40 OHMS MAX. 






EXTERNAL saa 
CLOCK 

INPUT 27) EXTAL EITHER CRYSTAL 

(TTL COMPATIBLE, a ne 


LOW IMPEDANCE 
SOURCE) 


EXTERNAL CLOCK 


APPROXIMATELY 10% to 25% 


EXTERNAL RESISTOR 
{EXCLUDES RESISTOR TOLERANCE) 





= 
= 
=) 
= 
3 
© 
S 
— 
3 
So 
3 
RESISTANCE (k0) 
Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 
Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. 


_ External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input grounded, as shown in Figure 1(d). 
















MCU 
27} extay (CRYSTAL MASK 
OPTION 


(SEE NOTE) 


CRYSTAL 











XTAL 


MCU 
(RESISTOR MASK EXTAL (RESISTOR MASK 
OPTION) OPTION) 


_. APPROXIMATELY 25% to 50% 


ACCURACY ACCURACY 
TYPICAL toyc = 1.25 ws 


EXTERNAL JUMPER 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 
frequencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends 


on the motional-arm parametes of the crystal used. 


Figure 1. Oscillator Connections 
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This option may only be used with the crystal oscillator 
option selected in the mask option register. 


PCO, PC1 


This pins allow an external input to decrement the in- 
ternal timer/counter circuitry. Refer to TIMERS for addi- 
tional information. 


RESET/Vpp 


This pin has a Schmitt trigger input. The MCU can be 
reset by pulling RESET low. The Vpp input is used to 
input the programming voltage to the MCU EPROM. A 
1K ohm pullup resistor should be used to allow proper 
operation of the reset and watchdog timer operations. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB3, PCO-PC1, PDO- 
PD6) , 


Ports A, B, and C are programmable as either inputs 
or Outputs under software control of the data direction 
registers. Port D is a fixed input port and not controlled 


by any data direction register. Port D has up to five analog. - 


inputs, plus two voltage reference inputs when the an- 
alog-to-digital (A/D) converter is used (PD5/VRH, PD4/VRL) 
and an INT2 input. If the analog input is used, the voltage 
reference pins (PD5/VRH and PD4/Vp,) must be used in 
the analog mode. Refer to INPUT/OUTPUT PORTS for 
additional information. 


INPUT/OUTPUT PORTS 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
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direction register (DDR). The port I/O programming is 
accomplished by writing the corresponding bit in the port 
DDR to a logic one for output and a logic zero for input. 
On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DDR bits. 

Port D provides the multiplexed analog inputs, refer- 
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 


digital or analog inputs. The Vay and VRH lines are in- 


ternally connected to the A/D resistor. Analog inputs may 


-be prescaled to obtain the Vp_ and VRH recommended 


input voltage range. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid-undefined outputs. Care must 
be exercised when using read-modify-write instructions 


-since the data read corresponds to the pin level if the 


DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for I/ 
O functions and to Figure 3:for typical port circuitry. | 


PORT B TOGGLE CAPABILITY 


Port BO and Bi registers have toggle capability at the 
timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO), the overflow pulses from timer A, B, and C are 
directed to port BO and B1 data registers. See Figure 4 
for port B configuration flow chart. 

An incoming toggle pulse on port BO is allowed to 


toggle the data register if port B DCR bit 4 (DCR4) is 








*DDR is a write-only register and reads as all 1s”. 
**Ports A, B, and C are three-state ports. Port. A has optional 
internal pullup devices to provide CMOS drive capability. See 
Electrical Characteristics tables for complete information. 


Figure 3. Typical Port I/O Circuitry and Register Configuration 
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Figure 4. Port B Configuration 
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cleared. This bit is set on reset. An incoming toggle pulse 
on port B1 is allowed to toggle the port B1 data register 
under the following conditions governed by control bits 
in SP! control register and SPI clock arbitration flip-flop 
status. 
PB1 toggle enable =(SPICR7)*SPICR4- 
(PBO + DDRBO) + SPICR2> 
SPICR4°CLAQ 
where: SPICR7= SPI interrupt request bit 
SPICR4= SPI operation enable bit 
SPICR2= port B1 toggle enabie/start bit 
CLAQ =clock arbitration flip-flop output 
When PB1 toggle enable is asserted, the MCU write to 
PB1 data register is inhibited. When SPI is not used, SPICR4 
and CLAQ are reset. Therefore, SPICR2 can directly con- 
trol the port B1 toggle capability. Port toggle capability 
allows action on port BO or B1 or both as a result of timer 
overflows. This method speeds up timer overflow to port 
service. A write to port BO or B1 data registers is inhibited 
while the individual port toggle enable is asserted. 
The port B DCR consists of four status bits (DCR4-DCR7) 
and four data direction bits (DCRO-DCR3). DCR4 is‘a tog- 
gle enable control bit for port BO. When cleared, the timer 








overflow pulse causes the data register on port BO to . 


toggle. Port A has an 8-bit and port C has a 2-bit wide 
data direction register. 


._ MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
5. The locations consist of user EPROM, bootstrap ROM, 
user RAM, eight timer registers, a mask option register 


(MOR), a miscellaneous register, ‘a program control reg- - 


ister, two A/D registers, two SPI registers, and four I/O 
port registers. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own-EPROM. 


The stack area is used during processing of an interrupt . 


or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to.prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of eating calcu- 
lations or data manipulations. 

7 0 


ea 








INDEX REGISTER (X) 


_ The index register is an 8-bit register used for the in- 
dexed ‘addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 , 0 
PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 


1 8 7 0 
PCH Pee 3 


_. STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 


- The seven most-significant bits of the stack pointer are 


permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


0 


11 5 4 


CONDITION CODE REGISTER (CC) 


The condition codé register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
Pei iw fz] c | 
Half Carry (H) 
This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (1) 

_When this bit is set, the timer (A, B, and C), the external 
(INT? and INT2) interrupts, and the SPI interrupt are 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and is processed as soon as 
the interrupt bit is cleared. 


Negative (N) _ 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 
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BYTES ADDRESS - [ADDRESS 
000f os - | $000 Port A $000 
\/0, A/D, SPI, 
Timers, RAM, Port.B $001 ; 
Prog. Cont. Reg. Port C $002 
* (128 Bytes) : 
127 $O7F Port D $003 
128 Port A DDR* $004 
Page 0 EPROM Port B OCR* $005 
ie: By ical Port C DDR* $006 
= Not Used $007 
256 Timer A $008 
Main EPROM Timer A Cont. Reg:} $009 
(3614 Bytes) Misc. Register $00A 
Timer B MSB $00B 
EEN Sr Timer B LSB $00C 
Timer B Cont. Reg.| $00D 
———— A/D Control $O0E 
——=—— ‘A/D Result SOOF 
3871 : 
: SP! Data $010 
3872 
Bootstrap SPI Control $011 
: ROM Prog. Cont. Reg. $012 
(216 Bytes) - 
4087 ; ; Timer C Capture $013 
088.) Timers (A, B, ©), | Timer C Data $014 
. SPI. INT2 Timer C Control | $015 
5 ~ Not Used $016 
Se External INT1 
22 Not Used $017 [ADDRESS 
a ec 
a8 $018 ; $018 
3 Swi ae 
€ User RAM’ 
1 RAM (40 Bytes) ; 
(104 Bytes} ‘ 
4095 «Reset : ; $03F 
nye: - Standby RAM . $040 
(16 Bytes) $O4F 
User RAM $050 
(17 Bytes) $060° 
* Registers are write only and read as SFF. r = $061 
. Shared Stack RAM 
31 Byt 
ibys) $O7F 





Figure 5. Memory Map 








Zero (2) 7 [ a7 | wes | mrs | ra | ro | mp2 | mer | Mo | 

When set, this bit indicates that the result of the last RESET: 
arithmetic, logical, or data manipulation was zero. 0 1 0 1 0° 0 
Carry/Borrow (C) MR7 — INT2 Interrupt Request Bit 


If not masked by MR6, it causes an interrupt to the 
. MCU; if the | bit in the CCR is clear, the MCU will 
acknowledge the interrupt. 
1=Interrupt requested 
0=Interrupt not requested 
MR6 — INT2 Interrupt Request Mask 
1=Inhibits INT2:interrupt-request 
0=Does not inhibit INT2 interrupt request 
MR5 — Auxiliary Counter Status/Preset Bit: 
If not masked by MR4, it will drive a switch to Vss on 
the RESET pin causing the MCU to reset. This bit may 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. ; , 











MISCELLANEOUS REGISTERS (MR) $0A 


This register contains control and status information 
related to. INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 
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be used as an auxiliary counter preset bit. If MR5 is 
clear, a write of logic one will preset the auxiliary counter 
(MR5 will remain zero), and if set, a write of logic zero 
will preset the auxiliary counter. 
1= Auxiliary counter overflow 
0= Auxiliary counter clear 
MR4 — Watchdog Control Bit 
This bit cannot be set via software. The watchdog timer 
can only be disabled by reset. 
1=Watchdog timer disabled 
0= Watchdog timer enabled 
MR3 — Prescaler 1 Clear Bit 
Presets the contents of prescaler 1 to $7F. 
1=Prescaler 1 preset 
0=Prescaler 1 not preset 
MR2 — Prescaler 2 Clear Bit 
Presets the contents of prescaler 2 to $7FFF. 
1=Prescaler 2 preset 
0=Prescaler 2 not preset 
MR1 — Prescaler Cross-Couple Bit 
_This bit controls the output of prescalers 1 and 2 and 
directs them to either timer A or B clock inputs. 
1=Prescaler 1 feeds timer B clock input, and pres- 
_ Caler 2 feeds timer A input. 
0=Prescaler 1 output is used as clock input for timer 
A, and prescaler 2 output is used as clock input 
fortimerB 
MRO — Port B Toggle Cross-Couple Bit 
This bit controls the overflow pulses of timers A and 
B and directs them to either port BO or B1. 
1=Timer A overflow output is directed to port BO, 
and timer B or timer C (depending on the Status 
of MORS) output is ey te port B1 


3-10 kQ 


INTERNAL | 
RESET 


LOW-VOLTAGE 
INHIBIT 
CIRCUIT 


MISCELLANEOUS REGISTER 


220 kQ 


‘ STRONG 
DISCHARGE 
DEVICE 


0= Overflow output pulse of timer A is used as a port 
B1 data register toggle clock source, and timer B 
or timer C overflow output pulse is directed to 
port BO toggle clock input 


RESETS 


The MCU can be reset four ways: (1) by initial power- 
up; (2) by the external reset input (RESET); (3) by a forced 
reset generated by the ‘“‘watchdog” counter; and (4) by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. Figure 6 shows the MCU reset circuit. 


POWER-ON-RESET (POR) 


An internal reset is generated on power-up that ailows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the powersupply 
voltage. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 7) typically Payee sufficient 
delay. 


EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at VIRES — to provide an internal reset voltage. 


FORCED RESET 


if the auxiliary counter reset mask bit in the miscella- 
neous counter (MR4) is cleared and the auxiliary counter 


























“1kO 


TYP. 


1 wF TYP.** 


**OPTION-100.ms DELAY 
TYPICAL DURING POWER UP 








Figure 6. MCU Reset Circuit 
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Figure 7. Power-Up Reset Delay Circuit . 


status bit (MR5) is set, as a result of counter overflow, a 
switch to Vss is turned on pulling the RESET pin low. A 
consequent voltage drop below VipgEs — on RESET causes 
a reset, which in turn sets MR4. Switching to Vssg when 
the RESET pin is turned off allows voltage to. rise above 
VIRES+, after which the reset is released: RESET pin 
voltage variation occurring as-a result of forced reset may 
be amplified externally in order to provide a reset to other 
peripheral circuits in the system. The reset output from 


the MCU is not- TTL compatible. 











LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (Vy). The only requirement is that the Vcc 
must remain at or below the V_y| threshold for one teyc 
minimum. Be ’ 

In typical applications, the Vcc bus filter capacitor will 


eliminate negative-going voltage glitches of less than one: 


tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It.also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLypR) at 
which time a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted eight different ways: 


through the external interrupt INT1 input pin, with the 


internal timer (either A, B, or C) interrupt request, using. — 


the software interrupt instruction (SWI), SPI interrupt re- 
quest, external port D bit 6 (INT2) input pin, or at reset. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 8. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con- 
sidered pending until the current instruction is complete. 


NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 


7 6 5 43 2 1 «0 PULL 
CONDITION 
CODE REGISTER 
ACCUMULATOR sf 
INDEX REGISTER: 
fn cca 
PUSH 


*For subroutine calls, only PCH and PCL are stacked. 













Figure 8. Interrupt Stacking Order 


(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 9 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


Each interrupt, except INT1, has a separate mask bit 
which must also be cleared, in addition to the | bit, for 
the MCU to acknowledge the interrupt. The INT2, timer 
A, timer B, timer C, and SPI interrupts each have their 
own independent mask bits contained in MR6, TACR6, 


TBCR6, TCOM, TCCM, and SPICR6. The interrupt routine 


must determine the source of the interrupt by examining 
the interrupt request bits, TACR7, TBCR7, MR7, TCOF, 
TCCF, and SPICR7. These bits must be cleared by soft- 
ware. The INT1_interrupt has its own vector address. 
Therefore, the INT1 interrupt request is cleared auto- 
matically, and then the INT1 vector is serviced. 





EXTERNAL INTERRUPT - 


‘The external interrupt is internally synchronized and 
then latched on the falling edge of INT1 and INT2. Clear- 
ing the | bit enables the external interrupt. The INT2 in- 
terrupt has an interrupt request bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous register (MR). The INT2 in- 








-terrupt is inhibited when the mask bit is set. The INT2 is 


always read as a digital.input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to proc- 
ess an interrupt when the condition code | bit is clear. 
The following paragraphs describe two typical external 
interrupt circuits. , 


Zero-Crossing Interrupt 

Asinusoidal input signal (fjy71 Maximum) can be used 
to generate an external interrupt (see Figure 10a) for use 
as a zero-crossing detector (for negative transitions of 


‘the ac sinusoid). This type of circuit allows applications 
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Figure 9. Reset and Interrupt Processing Flowchart 


such as‘servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 10b), the INT1 pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled tyyL, tWH. 
Refer to TIMER for additional information. 





SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 


is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMERS 


The MCU has four timers and two programmable pres- 
calers. The timers are identified as timer A, B, C, and the 
auxiliary counter. Refer to Figure 11 for timers A, B, and 
C block diagram. The following paragraphs described the 
different timers. 


TIMER A 


Timer A is an 8-bit programmable down counter, which 
can be loaded under program control. Timer. A: also 
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(B) DIGITAL-SIGNAL INTERRUPT 


Figure 10. External Interrupt 


includes a modulus latch which allows the timer to be 
“auto-reloaded.” As clock inputs are received, timer A 
decrements toward $00. When $00 is reached, bit 7 in the 
timer A control register is set and the timer is reloaded 
with the contents of the modulus latch. An underflow 
condition is also generated when value $00 is reached. 
This state can be used to toggle bit 0 or bit 1 of port B 
directly under the control of the miscellaneous register 
(MRO), the SPI control register, and the port B data di- 
rection register. Setting TACR6 or the | bit in the condition 
control register will prevent timer interrupts from being 
processed. The. timer interrupt request bit MUST be 
cleared by software. There are three ways of loading data 
from the modulus latch into timer A as described in the 
following paragrahs. 


Direct Loading 


When the MCU writes to timer A data register, the data 
is latched by the modulus latch, and forced into the timer. 
This operation requires that TACR3 be cleared. 


Asynchronous External Event Loading 


When TACR3 is a logic one, the contents of the mod- 
ulus latch are transferred to the timer at the rising edge 
of INT2 interrupt request bit (MR7) gated with interrupt 
request mask bit (MR6). If this loading is used, care must 
be taken in programming as it will start an interrupt serv- 
ice routine if the | bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 


Auto-Loading 


The modulus latch is automatically loaded when the 
timer reaches $00. This loading is dependent on the set- 
ting of TACR3. Auto-loading also occurs in both the pre- 
vious loading modes. Timer A can be read at any time 
without affecting the countdown of the timer. The timer 
and modulus latch are set to $FF on reset. 


NOTE 


Loading $01 to timer A should be avoided when 
-Operating with a divide-by-one prescaler. Doing so 


will inhibit timer A auto-loading, interrupt genera- 
tion, and port B toggle mechanisms. 


TIMER A CONTROL REGISTER $09 








7 6 5 4 3 2 1 0 
| TACR7 | TACR6 | TACR5S | TACR4 | TACR3 | TACR2 | TACRI | TACRO | 
RESET: 

0 1 0 0 0 0 0 0 


TACR7 — Timer A Interrupt Request Flag 
1=Timer A has transition to $00 
0 = Software or reset cleared 
TACR6 — Timer A Interrupt Request Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TACR5 — External or Internal Bit 
1 =External clock source for prescaler 1 
0=Internal clock source for prescaler 1 
TACR4 — External Enable Bit 
Contro! bit used to enable the external timer pin 
(PRESCALER1/PCO). 
Prescaler 1 Clock Source 


TACRS | TACR4 
Internal Clock 


| 0 | 1 _ [AND of Internal Clock and PRESCALER1/PCO* 
| 1 [| 0 |inputs Disabled 
| 1 |. 1. [PRESCALER1/PCO* Low-to-High Transition 


*The status of PRESCALER1/PCO depends upon the data direc- 
tion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out- 
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER1/PCO. 














TACR3 — Timer A Load Mode Control — a 
1=Asynchronous external event loading (INT2 dri- 
ven loading is enabled) 
0=Allows direct loading of timer A 
TACR2, TACR1, TACRO — Prescaler 1 Division Ratio Con- 
trol Bits 
When set, these bits select one of eight possible out- 
puts on prescaler 1. 
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Figure 11. Timers A, B, and C Block Diagram 
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TIMER B 


This is a 16-bit timer which is accessed via two registers 
($0B for the most-significant byte (MSB) and $0C for the 
least-significant byte (LSB)). The MSB has a “pipeline” 
latch that allows a “snap shot” value of the entire 16 bits 
to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same time the pipeline 
contents are forced into the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write operation. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TBCR6 or the | bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit WUST be cleared by software. 


TIMER B CONTROL AND STATUS REGISTER $0D 


7 6 5 4 3 2 1 0 
RESET: 
0 1 0 0 0 0 0 0 


TBCR7 — Timer B Interrupt Request Flag 
1=Timer B has transition to $00 
0 = Software or reset cleared 
TBCR6 — Timer B Interrupt Request Mask 
= Interrupt request inhibited 
0=Interrupt request not inhibited 
TBCR5 — External or Internal Bit 
1=External clock source for prescaler 2 
0=Internal clock source for prescaler 2 
TBCR4 — External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER2/PC1). 


| o | 0 [internal clock 
| 0 | 1 __|AND of internal Clock and PRESCALER2/PC1* | 
| 4 [0 [inputs bi 

eae 






nputs Disabled 
PRESCALER2/PC1* Low-to-High Transition 


*The status of PRESCALER2/PC1 depends upon the data direc- 
tion status of PRESCALER2/PC1. If PRESCALER2/PC1 is an out- 


put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER2/PC1. 


TBCR3, TBCR2, TBCR1, TBCRO — Prescaler 2 Division 
Ratio Control Bits 
When set, these bits select one of eight possible output 
on prescaler 2. 


0 0 . 1 












































a a 
| oo fo 0 1 2 | 
0 0 1 0 4 
es Aes 20 1 1 8 
- 0 1 0 0 16 
ae a ae ae 1. 32 
0 1 1 0 64 
0 1 1 1 128 
1 0 0 0 256 
1 0 0 1 512 
1 0 1 0 ar 1024 
1 0 1 1 2048 
1 1 0 0 4096 
0 1 8192 
Poa ff. tf tT [tee 
1 1 1 1 32768 





TIMER C 


Timer C is an 8-bit programmable down counter. The 
timer contains a modulus latch which allows the timer to 
be auto reloaded. The timer auto reloads with the con- 
tents of the modulus latch upon every $01 to $00 tran- 
sition. Timer C contains a capture register. This read-only 
register and the contents are refreshed by the contents 
of the data register during the capture instance. The timer 
can be written to at any time, and the contents of both 
the data register and modulus latch are updated imme- 
diately. The timer is set to $FF on reset, but the contents 
of the capture register are not valid until the first capture 
after reset. 


TIMER C CONTROL REGISTER $015 


7 6 5 4 3 2 1 0 


RESET: 
0 1 0 0 0 0 0 0 
TCOF — Timer C Overflow Flag 
1=Timer C has transition to $00 
0= Software or reset cleared 
TCOM — Timer C interrupt Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TCCF — Timer C Capture Flag 
1=Proper capture occurred on PRESCALER1 or 
PRESCALER2. No new capture occurs when set 
0= Software or reset cleared 
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TCCM — Timer C Capture Interrupt Request Mask 
1= Inhibits interrupt request generated from TCCF 
0= Does not inhibit interrupt request generated from 
-TCCF 
TCEG — Timer C Capture Edge Select 
1=Selects rising edge of PCO or PC1 to be capture 
instance 
0=Selects falling edge of PCO or PC1 to be capture 
instance 
TCCS — Timer C Capture Source Select 
1=Select PRESCALER2/PC1 as capture source 
0=Select PRESCALER1/PCO as capture source 
TCCL1 and TCCLO — Timer C Clock Source Select 
Clock source selection is defined below. 


| 0 internal Clock} | 0 __|internal Clock __| 
| 0 Internal Clock | | 1 [MRI Status* | 
| 1 [Mristatus* | [0 [internal Clock _| 
| 1 [Mri statuss | = [__ 1 nt Status* | 
NOTES: | 


1. *Denotes prescaler 1 or 2 clock source depending on mis- 
cellaneous register bit 1 (MR1) status. 
2. MR1 bit cleared (logic zero) at reset: 
Prescaler 1 clock selected to timer A 
Prescaler 2 clock selected to timer B and. C 
3. MR1 bit set (logic one): 
Prescaler 1 clock selected to timer B and C 
Prescaler 2 clock selected to timer A 
4. Prescaler 1 output determined. by the status of Timer A 
control register bits 2, 1, and 0 (TACR2, TACR1,.and TACRO). 
5. Prescaler 2 output determined by the status of Timer B 
_control register. bits 3, 2, 1, and 0 (TBCR3, TBCR2, TBCR1, 
and TBCRO). 














PRESCALER 1 


Prescaler 1 is a 7-bit binary down counter whose value 
is selected by TACR2, TACR1, and TACRO. The selected 
output is used as the clock input to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1). The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 


PRESCALER 2 


Prescaler 2 is a 15-bit down counter; its value is se- 
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se- 
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross- 
couple bit (MR1). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 


to $7FFF at reset or under program control when a one 


is written to prescaler 2 clear bit (MR2). 


AUXILIARY COUNTER 


This register is a fixed counter which is clocked by the 
internal clock (fogc divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count- 
down may be aborted at any time under program control, 
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which also résets the counter to 4095 and clears MRS. 
When MR4 is clear and MR5 is set as a result of counter 
time out,:the reset. pin is internally pulled to ground. If 
the MCU loses control of the program, the “watchdog” 
timer will bring the MCU back to reset. Refer to Figure 
12 for counter operation diagram. 


EPROM PROGRAMMING 


ERASING THE EPROM 
The EPROM can be erased by exposure to high-inten- 


, sity ultraviolet (UV) light with a wavelength of 2537A. The 


recommended integrated dose (UV intensity x exposure 
time) is 25Ws/cm2. The lamps should be used without 
software filters, and the MCU should be positioned about 
one inch from the UV tubes. Ultraviolet erasure clears all 
bits of the EPROM to the “zero” state. Data can then be 
entered by progamming “ones” into the desired bit lo- 
cations. 
CAUTION 


Be sure that the EPROM window is shielded from 
light except when erasing. This protects both the 
EPROM and light-sensitive nodes. 


MASK OPTION REGISTER (MOR) $F1E_ 


The.MOR is. implemented in EPROM and contains all 
zeros prior to programming. The MOR bits are described 
in the following paragraphs. This register is not affected 
by eee: 


(a [oon [ows Tw TTT Ta] , 


CLK — Clock (oscillator type) 
1=Resistor Capacitor (RC) - 
0=Crystal 
TOPT — Timer Option 
1=Enables timer C 
0=Disables timer C 
PBTS — Port B Toggle Source 
This bit is not used on the TJ6 mask set. When sleared 
the operation is the same as the ie mask set opera- 
tion. 
1=Port B toggle source will come from the timer B 
overflow even if a write operation is performed 
on timer C 
0= After the first write operation to timer C, the tog- 
gle source coming from the timer B overflow is 
replaced by the timer C overflow. If no write op- 
eration is performed on timer C, then timer B is 
the port B toggle source. 
LVI — Low Voltage !nhibit 
1=Enables low-voltage detection circuitry 
. 0=Disables low-voltage detection circuitry 
Bits 1-3 
User available register bits during normal mode of op- 
eration 
SEC — Security 
For full security, this bit must be set in the MOR and 
mirror MOR ($F 16). 
1=Enables EPROM read protection 
0=Disables EPROM read protection 
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‘Figure 12. Auxiliary Counter Operation 
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PROGRAMMING CONTROL REGISTER (PCR) $012 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica- 
tions. 


7 6 5 4 3 2 1 0 
[ 1 al 1 0 1 1 | VPON | PGE | mE | 
RESET: 

U U U U U 1 1 1 








PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared Bayne: 
1=Read EPROM 
___0=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. ~ 
1=Inhibit EPROM programming = : 
0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 


A read-only bit that indicates high voltage at the Joe 


pin. When set to “one”, disconnects PGE and PLE from 
the chip. 
1=No high voltage of Vpp pin. 
0=High voltage on Vpp pin 
NOTE 
VPON being “zero” does not indicate that the Vpp 
level is correct for programming. It is used as a 


safety interlock for the user in the normal peetaiag 
mode. 


















































VPON | PGE PLE Programming Conditions 
oe es 
0 0 0 Programming enabled 
ML | | (program EPROM byte) . 
1 0 PGE and PLE bits disabled | 
ss Programming disabled (latch 
address and data in EPROM) 
——_ = eae —<a 
1 1 0 PGE and PLE disabled ; 
| 7 . 
| o |} oO 0 _| Invalid state = 
1 0 1 Invalid state | 
0 dh 1 Voltage applied to RESET/Vpp 
pin | coe 
1 1 | 1 [PGE and PLE disabled 
(operating mode) 
PROGRAMMING 


The MCU bootstrap program can be used to program 
the EPROM. The vectors at address $FF6 and $FF7 are 
used to start the program. This vector is fetched when 
VIHTP is applied to the PRESCALER/PCO pin and the RE- 
SET pin is allowed to rise above ViRES +. The level on 
the PRESCALER/PC1 pin, when the RESET/Vpp pin rises 
above ViRES+, determines which programming mode 
is selected. A high level on PRESCALER/PC1 selects the 
auto-programming operation. 





A M2532/2732 UV EPROM must first be programmed 
with the same information that is to be transferred to the 
MCU EPROM. Unprogrammed EPROM address locations 
should contain’$00 to speed up the programming oper- 
ation. Figure 13 is a schematic diagram for a board and 
circuitry that can be used to program the MCU EPROM. 

Perform the following steps to program: the MCU 
EPROM: 

1. Insert the programmed EPROM and erased MCU 

EPROM into U2 and U3. 

2. Programming operation starts when S11 is placed 
to the ON position. 

a) DS1 and DS2 illuminate. 

b) MCU control is transferred to the bootstrap 
ROM, and the programming routine executed 
by the bootstrap loader program. 

c) DS3 blinks during. programming. When pro- 
gramming is complete, DS3 remains. illumi- 
nated. 

d) After two seconds DS4 will illuminate indicat- 
ing the MCU has been programmed and ver- 
ified. 

3. Remove power by placing $1 to the OFF position 
. and remove programmed MCU. 


NOTE 


No programming can be done once the MOR and 

_ mirror MOR security bit has been programmed to 
logic one. The only way to proceed from the secure 
mode to the non-secure mode is by erasing the 
MCU. The MCU: must be reset following program- 


_ ming of the SEC bits to enable the security feature. 


EMULATION — 
The MCU is designed to emulate the functions of either 


the MC6805S2 or MC6805S3. However, due to pin as- 


signments, processing, and mask options, the MCU has 
some differences. The differences are listed as follows: 

1. Port A output on the MC6805S2/S3 is ‘a mask option. 
The CMOS pullup option on port A is not imple- 
mented on MC68705S3. if this option is required, 
pullup resistors must be installed. 

2. The RC clock on the MC6805S2/S3 is a mask option. 
To. enable the MC68705S3 RC clock, MOR bit 7 must 
be programmed to a logical one. 

3. The LVI on the MC6805S2/S3 is a mask option. To 
énable the LVI on MC68705S3, MOR bit 4 must be 
programmed to a logical one. 

4. The MC68705S3 RESET/Vpp and VsTBy/ANA/NT2/ 
PD6 electrical characteristics are different for the 

--. MC6805S2/S3. 

5. Pin 4 (AN4 and VsTBy) on MC6805S2/S3 is a mask 
option. On the MC68705S3, pin 4 is enabled for 
VsTBY/AN4/INT2/PD6. 

6. On MC6805S2/S3 pin 4, standby RAM contents will 
be lost if the voltage drops below 3.0 V. Standby 
RAM on the MC68705S3 will not be lost unless volt- 
age drops below 4.0 V. 

7. Above certain voltages (3.7 V typical), pin 4 will ex- 
hibit lower input impedance than the MC6805S2/S3. 
This may cause A/D conversion inaccuracies if the 
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Figure 13. Programming Connections Schematics Diagram 
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pin is used as fifth A/D input channel. Pin 4 is always 
a high impedance input on the MC6805S2/S3. 

8. Reset and Vpp functions share a common pin (23) 
on the MC68705S3. Therefore, electrical character- 
istics on this pin may vary from the same pin on 
MC6805S2/S3. The input impedance on the 

_ MC68705S3 pin is approximately equivalent to the 
1.0 ohm pulldown resistor; whereas, on the 
MC6805S82/S3, this pin is a high impedance (220K 
ohms) input. Therefore, the MC68705S3 requires a 
pullup resistor on the, RESET pin to recover from a 
reset condition. 





SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SP! communicates with the 
MCU via data and control registers. The SPI data and 
clock inputs are always taken from their respective |/O 
ports, regardless of the status of the data direction reg- 


isters relative to that port. The SPI can operate in modes | 


from auto clocked (NRZ), half duplex, and full duplex with 
from a one to a four wire combination. Refer to Figure 
14 for the SPI block diagram. 


SPI CONTROL AND STATUS REGISTER 

This 8-bit register contains the status and control bits 
relative to SPI operations. The SPI.contro!l register op- 
eration is shown in Figure 15. The SPI control and status 


register bits can be set or cleared under program control. - 


7 6 5 4 3 2, 1 0 
| 


RESET: 
0 1 0 0 0 0 0 0: 


SPICR7 — SPI Interrupt Request Bit 


Set on eighth data input strobe. MCU services. this in- 


terrupt if | bit is clear in CCR. 
1=Interrupt request (if SPICR6 not masked) 
O0=No interrupt pending 
SPICR6.— SPI Interrupt Request Mask Bit 
1=Disables interrupt request from SPICR7 
0=Enables interrupt request from SPICR7 
SPICRS — SPI Clock Sense Bit/Bus-Busy Flag - 
Dual-function bit: controlled by the status of SPICR4. 
1=Start SPI operation when SPICR4=1. Input data 
latched on positive edge and output data changed 
on negative edge of SPI clock when SPICR4=0. 
0=Stop SP! operation when SPICR4=1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4=0. 
SPICR4 — SPI Operation Enable Bit 
This bit determines the functions of SPICR5 and SPICR2. 
1=Enables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
0= Disables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
SPICR3 — SPI Data Output Select Bit 
1=Output of the SPI data register is loaded to port 
B3 data register at the appropriate SPI clock edge 


SPICR1. — 


selected by SPICR5, during the active transaction 
mode 

0=Output of the SPI data register is loaded to port 
B2 data register at the appropriate SP! clock edge 
selected by SPICRS5, during the active transaction 
mode 

SPICR2 — Port B1 Toggle Enable/Start Bit 
Dual-function bit controlled by the status of SPICR4. 

1 = Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4= 1. Start bit set 
under program control to enable port B1 data reg- 
ister toggle facility when SPICR4 =0. 

. 0=Stop SPI operation when SPICR4=1. Cleared un- 
der program control when SPICR4=0. 
Mode Fault Flag 
1=(a) Mode flag.is set when SPI data output arbi- 
tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DDR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to the clock slave mode, 

and port B1 DOR is cleared. 

(c) Mode flag is set during the idle mode when a 
negative clock edge is. detected on the SPI clock 
input, and the port B1 data register is cleared. 

0=Cleared under program control 

SPICRO — SPI Input Data Select Bit 

1= SPI data from port B3 is latched into the SPI data 
register 

0=SPI data from port B2 is routed to the input of the 
SPI data register 


SPI DATA REGISTER 


This register can be written to any time and can also 
be read, regardless of serial operations, without disturb- 
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
are generated internally only during the active transac- 
tion time. 


SPI DIVIDE-BY-EIGHT COUNTER 
The counter is cleared during SPI deselect or idle modes. 


. Acount occurs at every data input strobe during the ac- 


tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and blocks all data input and 
output strobes. The counter is cleared when P80 is high 
if the SPI is in the slave mode or when a “start”’ condition 
is detected. 


SP! OPERATION 


‘The SPI can operate in a variety of modes. Software 
assisted protocols may be defined to upgrade the hard- 
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are sum- 
marized in Table 1 and in the following paragraphs. 
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Figure 14. Serial Peripheral Interface Block Diagram 
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Figure 15. SPI Control Register Operation 


1) SPI data input and output may be individually routed 
to or from PB2 or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well.as 
allowing bidirectional information to flow in daisy- 
chained systems. 


When data input and output is done on PB2, PB3 


is available for any other use and vice versa. 
Data input is always relative to the port pin logic 
level regardless of the data direction register status 
on that pin. 

In full duplex operation, 16 bits of information may 
be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 
and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transmitted replaces the byte received. SPICR7 is 
used to signify that the I/O operation is complete. 
SPI clock is always provided on port B1. In the clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, port B1 DDR 
is set; therefore, the MCU imposes the clock level 
on PB1 until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 

No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaleer clock 
source option, prescaler divide ratio, and timer di- 
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
B1 data register is automatically allowed during 
the active transmission mode. 


7) All devices connected to the SPI must have their 
output and input data strobe on the same clock 
edge for correct transfer of data. 

During the active transmission mode, the first clock 
edge must:be' the output data strobe. When this 
occurs, the MSBs of the data registers of all trans- 
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
B2 or B3 data register. 

Port B data direction registers and port B data con- 
trol registers are accessible during SPI operation. 
During active transaction mode, the PB1 data reg- 
ister, PB2 data register (if SPICR3=0), and PB3 (if 
SPICR3 = 1) are not write accessible under program 
control. 

Port B lines not used for SPI can be used for other 
digital functions. 


8 


— 


9 


— 


10 


— 


SELECT INPUT OPERATION. 


An external device supplies slave select information 
via port BO. if slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI. 


Master Mode Slave Select Actions 


The MCU monitors slave select input in master mode 
to assure that it stays false. If slave.select-goes true, the 
MCU exits master mode and becomes a slave. This im- 
plies that a write collision has occurred which means two 
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Table 1. Summary of SPI Operations © 


DEFINITIONS 

Transmitter — Data Master: DDRB2 or 3=1 
Receiver — Data Slave: DDRB2 or 3= o. 
Clock Master: DDRB1 a 
Clock Slave: DDRB1=0 
Transaction Mode: SPICRA= 1 

1) Active: SPICR7e(DDRBOePBO + DDRBO) if DDRB1 =0 (clock slave mcde) or 

SPICR7e(DDRBOePBO + DDRBO) if DDRB1 =1 (clock master mode) 

; Clock Pulses allowed, data shifted 

2) Idle: SPICR7 +DDRBOePBO if DDRB1=0 (clock slave mode) 

Clock pulses blocked, data output line in high-impedance state 

Deselect Mode: SPICR4=0~- No SPI Opelsnony 


SLAVE SELECT INPUT 
Slave Select Input: SPISS — PBO 
lf DDRBO=0 then so-SPISS action.on MCU 
1) Master Mode: SPISS=1 DDRB1=1 
SPISS 1 — 0: Switch to Slave Mode (DDRB1 1 —0) 
: Set SPICR1 (Mode Fault Flag) 
2) Slave Mode: SPISS=0 DDRB1=0 : 
External clock is allowed to shift data in/out. If SPISS is pulied high, the external clock input pulses . 
are inhibited; no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high- 
impedance state. 
Used as Chip-Select Input 


DATA ARBITRATION 
Data master loses data mastership when data collision occurs during internal data strobe time. 


If SPID output port (PB2 or PB3) = 1 while actual pin level is pulled low externally — conflict detected at internal 
data strobe time. 


Then SPICR1 (mode fault flag) is set; SPID output port on (B2 or ll 190 phat: impedance state). 


CLOCK ARBITRATION 
MCU has clock mastership (DDRB1 = 1) 
1) Via SPISS tine (DDRBO=0). If SPISS is pulled low, then-clock aveahc lost; DDRB1 1:9 0 (high- upped 
‘ance state); SPICR1 is set (mode fault flag). 
2). Via clock line SPICL (DDRB1=1 and DCRB5=0) 
Condition: SPICL must have open-drain output (DCRB5=0) 


If clock line is held low externally then clock mastership is not lost; minimum tcLH and 
tCLK times are guaranteed. 


. if SPICL goes low during idle mode then SPICR1=1 and clock line is switched low to 
inhibit the system clock. 


MODE FAULT FLAGE OPERATION (SPICR1) | 
Flag set when any ofthe following conditions occur: 
Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching. 
Clock arbitration via clock line if SPICL 1» 0 during idle. 


START, STOP, AND CLOCK IDLE CONDITIONS 
Clock Idie: The clock level just prior to the transition that causes s data on the serial output data line to be 
changed is defined as the SP! clock idle state. 
_ SPICR5=0: SPICL Idie=Low State - 
SPICR5=1: SPICL Idle=High State 


These definitions are necessary for determining start and stop conditions. 


NOTE 
_ Clock idle state can only be defined if SPICR4= 0 (Deselect Mode) 


Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state. 
Stop Condition: Any.positive transition of the data input line during an SPICL idle state. : 
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Table 2. Port B Status During SPI Operation 







PB2 . SPID 






PB3 SPID 


PB3 Data 


devices attempted to become masters. Write collisions 
normally result from a software error; and the default 
master must clean up the system. The mode fault flag is 
set to signal that clock mastership is lost. Slave select 
actions can take place during either active or idle trans- 
action modes. 


Slave Select Input Actions During Slave Mode 


The current clock master generates slave select to en- 
able one of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a daisy chain can be used for 
multiple slaves. When SS is high, the following occur: 

® Serial data output is forced to a high-impedance state 

without affecting the DDR status. 
. @ Serial clock input pulses are inhibited from gener- 
ating internal data output and input strobe pulses. 
® The eight-bit counter is cleared. 


SPI OPERATING MODES 


Six methods of operating the SPI are discussed in the 
following paragraphs. 


One-Wire Autoclocked Mode 


Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 
device being its own clock master. 


Two-Wire Half-Duplex Mode 


in this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 
be monitored via protocol included in the data patterns. 
A transmitter can send all zeros to take all other trans- 
mitters off the bus. 


Three-Wire Half-Duplex Mode with Slave Select Input 


This mode is the same as the half-dupiex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans- 


Port 
Name . 
" PBO SPISS Yes No 
PBO Data No Yes 
PBI SPICL Yes No | Clock slave , 
PB1 SPICL No Yes Clock master 
Yes No 


PB2 SPID No Yes 
PB2 Data Yes. Yes 


PB3 SPID No Yes 





Used as slave select input 
Used as “busy” signal or any digital 
output 














SPI data input SPICRO=0 
SPI data output SPICR3=0 
Any digital signal SPICR3 = 1 


SPI data input SPICRO=1 
SPI data output SPICR3=1 
Any digital signal SPICR3=0 











mission and pulls it low to. indicate that the system is 
busy. This allows the clock master to retain mastership 
unti! the end of transmission. Software protocol can be 
arranged so that slaves do not request mastership until 
their slave select lines go high. At the end of a transmis- 
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave ‘requesting 
clock mastership pulls the SPISS line low, removing the 
current master from the line. Time multiplexed protocols 
may be required to avoid simultaneous mastership re- 
quests. 





Three-Wire Full-Duplex Mode 


This mode allows the MCU to operate simultaneously 
as transmitter and receiver. Bus or daisy-chain networks 
are feasible. Protocols in the data stream are required to 
change: 

@ Clock masters 

@ The number of transmitters in the ayaion 

@ The direction of data flow in daisy-chained systems 

with collision 

It is possible for the MCU to shift out one byte of data 
while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 


Three-Wire Full-Duplex Mode with Clock Arbitration 


This mode is a mix of the three-wire full-duplex mode 
and_two-wire half-duplex mode with clock arbitration, 
where the SPI clock line operates as a wire-or. Simulta- 
neous masters are allowed, and clock arbitration is via — 
the clock line. 


Four-Wire Full-Duplex Mode with Slave-Select input 


This mode is similar to the three-wire full-duplex mode 
in network construction and to the three-wire half-duplex 
mode with slave-select input in clock arbitration and slave 
selection. Refer to Figure 17. 


_ ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 


. uses a successive approximation technique as show in 
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SLAVE SELECT 
CLOCK 
DATA 


EXAMPLE: 


INFORMATION FLOW 





B2=SPID IN 
ee B3= SPIC OUT 


B2=SPID OUT 
‘ B3=SPID IN 


. Figure 16. Daisy Chain/Cascade Organization 


Figure 18. Four external analog inputs can be connected 
to the A/D through a multiplexer via port D. Four internal 
analog channels (VRH—VRL, VRH—VRL/2, VRH-VRL/4, 
and VR) may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

A fifth external analog input (AN4) is available via the 
mask option. When selected, it replaces the VRy internal 
channel. Due to signal routing, the accuracy of this fifth 
channel may be slightly less than ANO-AN3. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown in Figure 18. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 


complete, the digital value is placed in the A/D result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam- 
pled for five machine cycles. 

The converter uses VRH and VRy as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRi, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRy as the supply voltage and be 
referenced to VRi for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 


: SPID:PB2/3 
HALF DUPLEX { SPICL:PB1 


*HALF DUPLEX 
WITH CLOCK ARBITRATION 


SPID:PD2/3 
SPICL:PB1 


SPID:PB2/3 
SPICL:PB1 
SPISS:PBO 


*HALF DUPLEX 
WITH SLAVE SELECT 






Vcc 


*FULL DUPLEX SPID OUT:PB3/2 
SPICL:PB1 
SPID iN:PB2/3 
*FULL DUPLEX SPID OUT:PB3/2 


SPICL:PB1 
SPISS:PBO 


WITH SLAVE SELECT 


| 
Us 
« { 


ox sa 4 
-—- Oo =- “A 
a. a a = 

” na 


Figure 17. SPI Operation Bus Organization 
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Table 3. A/D input MUX Selection 


















A/D Control Register Input 

Selected i Typ Max 

0 0 ANO 

0 1 AN1 

0 0 AN2 

0 1 AN3 

ile 0 VRH** FES) RRP FER* 

1 1 VeL* 00 00 01 

1 0 VRH/4* 3F 40 4 

1 1 VRH/2* 7F 80 81 














*Internal (calibration) levels 
**AN4 may replace the Vay calibration channel if selected via 
mask option. 


than Vcc, (2) VAL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH -— VRL 
should be equal to or greater than 4 volts. 

The A/D has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to + 1/2 LSB, rather 
than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VRL. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below Vp, ideally. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type: 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 










D/A 
15 k (TYP.) 


PDS/VRH 
PD4/VeL 


PDO/ANO 
PD1/ANI 
PD2/AN2 
PD3/AN3 
INT2/PD6/AN4 


MULTIPLEXER 


BEE 


Leena 
EAE: 


(S00E) 





A/D 
CONTROL 
REGISTER 


0 


other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 














































































Function Mnemonic 

Load A from Memory 

Load X from Memory 

Store A in Memory STA 

Store X in Memory sli. STX 

Add Memory to A Mt ADD 

Add Memory and Carry to A t. ADC | 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A [= AND 

OR Memory with A | ORA | 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory [cx ] 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional 1 Me al 
ee to Subroutine Te JSR —44 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 


i 


LOGIC 


8 













A/D 
RESULT 


REGISTER 
($00F) 


-Figure 18. A/D Block Diagram 
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branch functions are all implemented with a single in- 


struction. For test and branch instructions, the value of . 


the bit tested is also placed in the carry bit ofthe condition 
code register. Refer to the following list for bit manipu- 
lation.instructions. 





Function 


Mnemonic 


BRSET n (n=0... 7) 


BRCLR n (n=0...7) 
| BSET n (n=0...7) 
7) 


BCLRn(n=0... 


Branch if Bit n is Set 
Branch if Bit n is Clear 
Set Bitn 

Clear Bit n 











CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for contro! 
instructions. : 





aa 


Function Mnemonic 
Transfer A to X 
Transfer X to A 


Set Carry Bit 











Clear Carry Bit 





Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 


Software Interrupt 


Return from Subroutine 
Return from Interrupt 
Reset Stack Pointer 








No-Operation 





READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify:or test its contents; and write the modified 
value back to memory or tothe register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


Mnemonic 
increment I 


NC 

Decrement . DEC 

Clear —F CLR 

Complement COM 
NEG 

Rotate Left Thru Carry ROL 
Logival Shift Left . | 
Arithmetic Shift Right 


Test for Negative or Zero TST 




















Function 





































BRANCH INSTRUCTIONS 


This set of instructions branches if ‘a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 















































































Function Mnemonic 

Branch Always BRA 
Branch Never 4 BRN 
Branch IFF Higher BHI 
Branch IFF Lower or Same : a BLS } 
Branch IFF Carry Clear BCC 
(Branch IFF Higher or Same) (BHS) 
Branch IFF Carry Set BCS 
(Branch IFF Lower) eat (BLO) | 
Branch IFF Not Equal : BNE 

[ Branch IFF Equal , BEQ 
Branch IFF-Half Carry Clear BHCC 

[ Branch IFF Half Carry Set BHCS 

[Branch IFF Plus 4 BPL 
Branch IFF Minus BMI 
Branch IFF Interrupt Mask Bit is Clear L BMC | 
Branch IFF Interrupt Mask Bit is Set BMS 
Branch IFF Interrupt Line is Low 
Branch IFF interrupt Line is High BIH | 
Branch to Subroutine BSR 


OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tabies throughout memory. Short and 
long absolute addressing is also included. Two-byte direct 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach al! memory. 

The term “effective address” (EA) is used in describing 
the various. addressing modes. Effective address is de- 
fined as the address from which the argument for an 


_instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
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Table 4. Opcode Map 
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Ea 

3. [ee 
Q1 

rca 


Ri 
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DIR 
DIR 
7 


























'BRCLRG ‘ “TSTA “ Tstx 
DIR | 1 1 INH 
6 4 4 7 6 
F IBRCLAT. CLR. |: CLRA CLRX CLR CLR 
WW 3 2 OR | -1 INH | 1 INH | 2 MP pro ox 
Abbreviations for Address Modes 
INH Inherent 
IMM Immediate 
DIR Direct + oe {pe 
EXT Extended : : . Of CyCess 
REL Relative e Mnemonic 
BSC Bit Set/Clear : Bytes 
BTB -Bit Test and Branch ; ? ; 
Ix indexed (No Offset) . 
Ix4 Indexed, 1 Byte (8-Bit) Offset. -: 


1X2 indexed, 2 Byte (16-Bit) Offset Zee, 





3 sere 1X 


ee 
EXT 
al, hay alg 


2 Oct 3 


LEGEND 
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EXT 
Seo 
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immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 
DIRECT 

In the direct addressing mode, the effective address of 


the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly | 


address the lowest 256 bytes in memory with a: sige 
two-byte instruction. 


EXTENDED . 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 


mode are capable of referencing arguments anywhere in’ 


memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 


byte long. This mode is often used to move a pointer © 


through a table or to hold the address of a frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 


tables may begin anywhere within the first 256 address- 
able locations and could .extend as far as location 510 
($1FE is the last location at which the instruction may 


begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


‘BIT SET/CLEAR 


In the bit set clear addressing mode, the bit to be set 


‘or cleared is part of the opcode. The byte following the 


opcode specifies the direct addressing of the byte to which 
the specified bit is to be’set or cleared. Thus, any read: 
write bit in the first 256 locations of memory, including 
10, can be selectively set or cleared with a single two- 
byte instruction. 


‘BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 





__ [symbol 


This device contains circuitry to protect the 





inputs against damage due to high static volt- 





ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 





[ Rating Value 
Supply Voltage Vcc —0.3 to +7.0 
Input Voltage PCO in| Vin 

Self-Check Mode -0.3 to + 15.0 
| All Other | 


Port Aand C Source Current per Pin 
(One at a Time) 


 _ 0.3 to +7.0 
lout 
10 


circuit. For proper operation, it is recom- 
mended the Vin and Voyt be constrained to 





the range Vsg <= (Vin OF Vout) = Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 





iogic voltage !evel (e.g., either Vsg or Vcc). 











cam 
Operating Temperature Range Ta. | 
MC68705S3S 0 to 70 
MC68705S3CS -—40 to +85 
Storage Temperature Range Tstg Ub —55 to +150 
Junction Temperature Ty 
Cerdip | 175 











THERMAL CHARACTERISTICS 





\_ Characteristic 





Thermal Resistance 
Cerdip 





Symbol Value 
QJA 
60 





POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp*8ya) - (1) 


where: 
Tp = Ambient Temperature, °C 
8A: = Package Thermal. Resistance, 
Junction-to-Ambient, °C/W 
PD = Pintt Pport 
Pint =!cec<Vec, Watts — Chip Internal Power 
PporRT = Port Power Dissipation, 


Watts — User Determined 


Vee =4.75 V 









MMD6150 


TEST 
POINT ‘OR EQUIV. ‘ae 
40 pF MMD7000 
(TOTAL) OR EQUIV. 


Figure 19. TTL Equivalent . 
Test Load (Port B) 


For most applications, PoorT<PintT and can be ne- 
glected. PPOoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Ppopt is neglected) is: 


Pp=K+(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp° (Ta + 273°C) + OJArPD2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 


30 pF (TOTAL) 


TEST POINT ra 


Figure 20. CMOS Equivalent 
Test Low (Port A). . 
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ELECTRICAL CHARACTERISTICS ‘ 
(Vcc = +5.25 Vde +0.5 Vde, Vgg =0 Vdc, Ta= I to TH, iinless otherwise noted) 


Characteristic | Symbol_| min | Typ | Max | unit_| 


RESET Hysteresis Voltages 








“Out of Reset” 
“Into Reset” 


Standby Supply Voltage @ Vec=0 V VSTBY — Vec + 0.7 meas 
Standby Current (VsTBY=40 VI ‘sy | — [| 10 { 50 | ma 


Power Dissipation — No Port Loading Pp 
(Vcc =5.75 V, Ta =0°C) ae 800 1006 
(Vcc =5.75 V, Ta= — 40°C) — 925 1092 


































Low Voltage Recover See aa VLVR = es 4.75 
Low Voltage Inhibit , ViEVI — "3.75 _— 
Input Current tin 
INT ’ . 
(Vin =2.4 V to Vcc) — 20 50 
EXTAL 
(Vin = 2.4 V to Vcc Crystal Option) _ _ : 10 
(Vin = 0.4 V Crystal Option) a as ~1600 
RESET Sh : 
(Vin =5.75 V) —~ 2500 3800. 











PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc =+5.25 Vde +0.5 Vde; Vgg=0 Vde, Ta = 20° to 30°C, unless otherwise noted) 





Characteristic 





Programming Voltage 


Vpp Supply Current 
Vpp=21.0 V.. 


Programming Oscillator Pecueney™ 


Bootstrap Programming Mode Voltage 
(PCO Pin) = (@tHTP=100 pA Max) 











Vec =4.75 V 













TEST MMD6150 ) Voc =4.75 V 
POINT OR EQUIV. 226 ké) 1.36 kQ 
TEST 
30 pF MMD7000 POINT 
(TOTAL) OR EQUIV. ao a 30 pF (TOTAL) 
Figure 21. TTL Equivalent Figure 22. Open-Drain Equivalent 
Test Load (Ports A and C) Test Load (PB1, PB2,-and PB3) 
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SWITCHING CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vde, Vgg=0 Vdc, TA=TL to Ty), unless otherwise noted) 













































































































Characteristic a Symbol Min 
| Oscillator Frequency fosc 0.4 
Cycle time (A/fogc) 0.95 
INT, INT2, and TIMER Pulse ‘Width tw tWH | teye + 250 — _—. ns 
RESET Pulse Width tRWL | 
RESET Delay Time (External Capacitance =1 ,F) tRHL _ 100 — ns 
INT Zero-Crossing Detection Input Frequency fINT kHz 
(for +5° Accuracy) 0.03 —_ 1 
External Clock Input Duty Cycle (EXTAL) _ 40 50 60 % 
Oscillator Startup Time Crystal tsu _ — 100 ms 
I a horace 
[ SPICL High Time tSPICLH 4 — oo teyc 
SPICL Low Time tSPICHL 4 _— os teye 
SPICL Rise and Fall Time . tgr, te = = fi 
SPID input Data Setup Time tsps 2 = om 
— + | 
SPID Input Data Hold Time tSDH 2 — — teyc 
| SPICL to SPISS Lag Time tsstc 4 — _ ~ “tee 
SPISS to SPICL Lead Time tsSLD 4 _ _ toyc 
Start Bit to First Clock Lead Time tSTL 1 _ —_ 
5 o> ; 
External Timer Input to Timer Change Time 3 _ _ 
Timer Change to Port B Toggle Time 2 = — Pt cteoee ea 
INT? to Timer A Load Time Gin eB |e ed, ee tte, | 





A/D CONVERTER CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vde, Ta=TL to Ty, unless otherwise noted) 


| tye | Max | Unit | 
a | -8 | Bite 
LSB After removing zero-offset and full-scale errors 
Vv 


Characteristic 


Resolution 


Non-Linearity* 





Quantizing Error 


| 0 








Conversion Range Vcc A/D accuracy may decrease proportionately as 
VRH 0.2 VRH-VRL is reduced below 4.0 V. The sum of 
VRL Vss ~— VRH and Ve_ must not exceed Vcc 

Conversion Time 30 teyc Includes sampling time 

Monotonicity (Inherent within total error) 

Sample Time Seti] 22 OB 2 weer se eye pa ee 





Analog Input Voltage Vv Transients on any analog lines are not allowed 
at any time during sampling or accuracy may 
be degraded 


Sample/Hold Capacitance, Input Sea a pF 
VRL _— VRH 

















*For Vay =4.0 V to 5.0 V and Vpy =0 V. 
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PORT ELECTRICAL CHARACTERISTICS 
(VCC = +5.25 Vde +0.5 Vde, Vgg =0 Vde, Ta=T_ to Ty, unless otherwise noted) 


£28 _ Characteristic e Symbol Min Typ - a Max Unit 

















Port B 


VOL sili Taal V 









Output Low Voltage, ILoqaq=3.2 mA 





Output Low Voltage, I_gaq= 10 mA (Sink) 





Output High Voltage, ILoad= — 200 pA 











Darlington Current Drive (Source)*, Vo=15 V 


























Input High Voltage VIH 2.0 — Vcc +0.7 Vv 
Input Low Voltage VIL [ Vss — | : 0.8 | V a 
Hi-Z State Input Current ITSI — <2 10 BA 








Output Low Voitage, ILoaq=1.6 mA VOL = _ oe 0.4 


Vv 

Output High Voltage, ILoaq= — 100 pA ' VOH 2.4 — — Vv 
So a 7 

Vv 








Input High Voltage 










Input Low Voltage 














































Hi-Z State Input Current ITS| — <2 10, {BA 
Port D (Digital Inputs Only) 
Input High Voltage VIH 2.0 = Vecto7 |. V 
Input Low Voltage : VIL Vss _ a 0.8 Vv. 
Input Current** lin rl <1 10 _ | pA. | 





‘*Not applicable if programmed to open-drain state. 

**PD4/VR_ — PD5/VRH. 
The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. 


ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705S3. 


Table 5. Generic Information 












Order Number 


MC68705$3S 
MC68705S3CS 





Package Type Temperature 


Cerdip 0°C to, 70°C 
(S Suffix) —40°C to +85°C 
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PIN ASSIGNMENTS 


MC68705S3 


MECHANICAL DATA 
















Vssl 28 I] NUM 
PRESCALER1/PCO[] 2... 27 (JEXTAL 
PRESCALER2/PC1[] 26 [IXTAL 

Vstpy/AN4/INT2/PD6 J] 4 25 PINTT 


VeRH/PDSU 24UVop 
Vat/PD4L 23 [J RESET/Vpp 
AN3/PD3U 22 YJ PA7 


AN2/PD2(] 8° 21 {PAG 
AN1/PO10 20 1 PAS 
ANo/PDOL 19 [pag 

* spiss/PBoL 18 [}PA3 
SPICL/PB1E 17 paz 
‘SPID/PB2D 16 f1PA1 
spio/Pe30 15 [PAO 
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TECHNICAL DATA NIC68705U3 


Technical Summary 
8-Bit EPROM Microcontroller Unit 


The MC68705U3 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel !/O capability with pins programmable as input or out- 
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto- 
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 




























@ Internal 8-Bit Timer with 7-Bit e@ Bit Test and Branch Instruction 
Programmable Prescaler @ Vectored Interrupts 
@ On-chip Oscillator @ Bootstrap Program in ROM 
@ Memory Mapped I/O @ 112 Bytes of RAM 
e@ Versatile Interrupt Handling @ 3776 Bytes of EPROM 
@ Bit Manipulation @ 24 1/0 Pins 
BLOCK DIAGRAM 
; XTAL EXTAL RESET VppiNT 
imer/ 
mer contol | on ae 
INTZ 
PAO esos 
PAI Accumulator a i 
Port Hine ae Data bs PD3 ron 
A 3 D inde: Controt D 
PAG ie Nee Input 
vO Ss R Register PD4 Ypu 
PAS 9 eg Lines 
Lines PAG PDS 
PA? peg PD6 (NT2) 
PO7 
Nees 
PBO PCO 
PBI Stack PC! 
Port a Pont Pointer Data Port PC2 Port 
B B PC3 
0. PB4 Reg Program Dir ae PCA is 
Lines PBS ‘ Counter Reg eg PC5 Lines 
PB6 4 High PCH PCE be 
PB? Program PC? 
3776 x8 Counter 





SOE: 112 x8 

x6 

Bootstrap ROM 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss - 


Power is supplied to the microcontroller using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vssg is 
ground. aa 


VpP . 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 


This pin provides the capability for asynchronously ap- 
plying on external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending.on mask option 
register setting) is connected to these pins to provide a 
system clock. 


Cy 


R 
ae ? XTAL 


AT — Cut Parallel Resonance Crystal 

Co=7 pF Max 

Freq. = 4.0 MHz @ C, = 24 pF 

Rg = 50 ohms Max. 
Piezoelectric. ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer’s sug- 
gestions for Co, Cy, and Rg values. 











MCU 


avid 5] EXTAL (Crystal Option, 

oc! 

Tana See Note 1) 
Externat Clock 

NOTES: 


1. For the MC68705U3 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming. mode), the crystal option is forced. When the TIMER input is at or below 







EXTAL 


Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 ps 
External Jumper 


RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fgsc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to Vss, as shown in Fig- 
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 












_.. MCU 
SI EXTAL ‘(Crystal Option, 
See Note 1} 


{See Note 2) CO 





Crystal 








MCU 
STEXTAL (RC Option, 
No See Note 1) 
MCU Connection 
(RC Option, 
See Note 1) 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


Vcc, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 


3 





EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


' Figure 1. Oscillator Connections 
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Vcc =5.25V 
Ta = 25°C 


Oscillator Frequency (MHz) 





0 10 20 30 40 50 60 70 80 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


higher voltage level used to initiate the bootstrap pro- 
gram. 
RESET 


This pin has a Schmitt trigger input and an on-chip 
:pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC7, PDO- 
PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the. data di- 
rection registers. Port D is a fixed input port. Port D bit 6 
may be used for a second interrupt (INT2). Refer to PRO- 
GRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Port A, B, and C pins are programmable as either input 
or output under software control of the corresponding 








Osta 
Direction Register 


Latched 
Output 


Internal 
Connections 


*DDR is a write-only register and reads as ail “1s” 


data direction register (DDR). Port D is input only. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and. a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is:readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, corresponds to the latched 
output when the DDR is an output (one). Refer to Table 
1 for I/O functions and to Figure 3 for typical port circuitry. 


NOTE 
Read-modify-write instructions should not be used 
when writing to the DDRs, because DDRs always 
read as ‘one’. 


Table 1. /O Pin Functions 


Data 
Direction 
Register 


Latched 

Output 
Data . 

Bit Bit 





**Ports B and C are three-state ports. Port A has an internal 
pullup devices to provide CMOS data drive capability. 


Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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MEMORY 


* The MCU is capable of addressing 4096 bytes of mem- 


ory and I/O registers. The memory map is shown in Figure. 


4. The locations.consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con- 


trol register, and.1/O. The interrupt vectors are located: 


from $FF8 to $FFF. The bootstrap is a mask-programmed 
ROM that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary work 
locations requires care to prevent it from being over- 
written due to stacking from an interrupt or subroutine 
call. on 


__. REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. ' ented 


ACCUMULATOR (A) eee oak 
_The accumulator is a general purpose 8-bit register 


used to hold operands and results of arithmetic calcu- 


lations or data manipulations. 
7 


oOo 


1/0 Ports Timer 





Page Zero and 
Access With RAM’ 
Short 127 {128 Bytes) 
, Instructions: | 128 : Page Zero 
User EPROM. :. 
: i Me gh yon IRM 
256 


«Main 
EPROM 
(3640 Bytes) 


3896 | Mask Option Register 


7 
beat Bootstrap 
: ROM 

40e7 |____(120-Bytes) 
4068 Timer Interrupt 
MOBO i 
4090 

Interrupt 9 4091 

Vectors 9 4092 [~~ 
MOSS om ee Ee 

“#4004 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value: that 
may be added to an 8- or 16- bit immediate value to create 
an effective address. The index register may-also be used 
as a temporary storage area. ‘ 

7 0 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 
Wo. 87 : < 0 


PCH PCL 


STACK POINTER (SP) 


The stack pointer.is a.12-bit register that contains the: 


address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. . 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes. maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 0 


, 54 
fofolofofofifi] sea | 


766543210 

Port A Data Register $000 
Port B Data Register $001 
Port C Data Register $002 
Port D Data Register $003 
Port A DDR* $004 

Port B DOR* $005 

Port C DDR* $006 

Not Used’ * $007 

Timer Data Register $008 






oom n ODO fF WHY 4 OO 


Timer Contro} Register | $009 
Miscellaneous Register |. $00A 
Program Control Register | $00B 


Not Used $00C-SO0F 
$010 


RAM 
(112 Bytes) 


Stack: 
(31 Bytes Maximum) 


$07F 


*Caution: Data direction registers (DDRs) ‘are write-only; they read as $FF. 


Figure 4. Memory Map = 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate-the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
DTT 
Half Carry (H) | 


This bit is set during ADD.and ADC operctians to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (1) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon‘as the interrupt bit is cleared. - 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1). 


Zero (2) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


RESETS 


The MCU can be reset two ways: by initial power-up 








and by the external reset input (RESET). The RESET input . 


consists mainly of a Schmitt trigger. that senses athe line 
logic level. 


POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize: The power-on 
reset is used strictly for power turn-on voltatge. A delay 
of tRHL milliseconds is required before allowing RESET 
input to go high. Connecting-a capacitor to the RESET 
input (Figure 5) typically provides sufficient delay. 


10 pF 





Figure 5. Power-Up RESET Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at Vines — to provide an internal reset voltage: 





INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 





sidered pending until the current instruction is complete. 








6 4 3 2 Pull 
n-4 “oT Condiion Coda Repair n+1 
n-2 Index Register : n+3 
n= |e PCH* n+ 
PCL* n+5 





Push 





*For subroutine calls, only PCH and PCL are stacked. 


Figure 6. Interrupt Stacking Order 
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NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next.instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
‘same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrup 
-instruction processing sequence. : 


TIMER INTERRUPT 


If the time mask.bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
‘interrupt is generated only if the interrupt mask bit of the 




























Tol in CC) 
O7FeSP © 
Op DDRs © 
CLR INT Logic 
FF » Timer 
TCRE 41 
TCR7 €0 


Put FFE on 
Address Bus 


RESET 
Pin= Low 

























nq | RESET 
Pin= High 


Load Options From 
MOR ($F38) into 
Controt Logic 










Load PC 
From 
FFE/FFF 





(TCR7 © TCRE) 
MR7 @ MR6 


Fetch 
Instruction 


is Fetched 
tnstruction 
on SWI? 


Execute 
Instruction 


condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally.ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 


EXTERNAL INTERRUPT 


: The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a-mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The_INT2 is always 
read as a digital input on port D.'The INT2 and timer 
interrupt request bits, if set, cause the. MCU to process 
an interrupt when the. condition code |-bit is clear. The 





Stack 
PC, X, A, CC 






Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
Timer or 
TNT2: FF8/FF9 










PC =PC+1 





Figure 7. Reset and Interrupt Processing Flowchart 
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following paregr apis describe oxo nips exenal in- 
terrupt circuits. 


Zaro-Crossing Interrupt 

’ A sinusoidal input signal (fiNT Maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power ‘control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 

With this type of circuit (Figure 8b), the INT pin can be 
driven by a-digital signal. The maximum frequency of a 
signal that can be recognized. by.the TIMER or INT pin 
logic is-dependent on the parameter labeled twt,.tWH.- 
Refer to TIMER for additional information.: 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the |: bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 


MODES OF OPERATION 


The MCU has two modes of operations: normal and 
bootstrap. The following paragraphs describe these 
modes. 


NORMAL MODE 


This mode is a single-chip mode and is entered if the 





following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vss. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. , 


BOOTSTRAP 


The bootstrap mode is entered if the TIMER pin is equal 
to +12 V. For more information refer to application note, 


(a) Zero-Crossing Interrupt 


ac 


input (Current 

(tint Max.) Limiting) 
Rs1MQ 
ac Inputs 
10 Vac pp 








MC68705P3/R3/U3 8-Bit EPROM as sgl Pro- 
gramming Motus ule 857/D Rev. 2). os 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven. bya .7-bit software programmable’ pres- 
caler. The various timer sources are made via‘ the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loadéd under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer: block diagram.” 

- The timer interrupt can-be masked (disabled) by atting 
ne timer interrupt mask.bit (bit-6) in the TCR. When the 
| bit in the condition code register is cleared and the TCR 
bit 6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
interrupt request.bit must be cleared. by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 


»a logic one; however, the TCR bit 3 always reads as a 


logic zero to ensure proper operation with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 


-= time since a timer interrupt has occurred without dis- 


turbing the counting process: The: TDR is unaffected by 
reset. 


SOFTWARE CONTROLLED MODE 
This mode is selected when TOPT (bit 6) in the MOR 


is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 


disable mode, depending on the value written to TCR 


control bits 4 and 5 (TIE and TIN). The following para- 


graphs describe the different modes. 


(b) Digital-Signal Interrupt 
Vcc 





TTL 
Level 
Digital 
Input 


Figure 8. Typical Interrupt Circuits 
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Microcomputer Internal Bus 
Write Read 















EPROM Byte ; 
Mask Option Register (MOR) 






fCIN Timer Data Register (TDR) 


8-Bit Counter 








Timer 
Interrupt 
Request 


fpin — Prescaler Input. Frequency Timer Control Register Bits: Mask Option Register Bits: 
fcin— Counter Input Frequency TIR — Timer Interrupt Request Status CLK — Clock Oscillator Type 
TIM -- Timer Interrupt Mask TOPT— Timer Mask/ Programmable Option 
TIN— Timer Input Select oo CLS—Timer Clock Source 
TIE — Timer External Input Enable (TIE) — (Timer External Input Enable) 
PSC — Prescaler Clear SNM - Secure/Non-Secure Mode Option 


PS2, PS1, PSO— Prescaler Select - --P2, P1, PO—Prescaler Option 


Figure 9. Timer Block Diagram 





ENSOL89OW 


MC68705U3 


Timer Input Mode 1 


When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 


When TIE=1 and TIN=O, the internal clock and the 
timer input signals are ANDed: to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 — 


When TIE =0 and TIN =1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. . 


Timer Input Mode 4 


When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. Frequency of 
external input must be < fogc/8. 


MOR CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) inthe TCR are set to a logic one when in the 
MOR controlled mode. .TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT=1, the TCR emulates the MC6805U2; when 
TOPT=0, the TCR is controlled by software. : 


TCR with MOR TOPT=1 
7 6 


5 4 3 2 1 0 
Lai a ol al 


TCR with MOR TOPT =0 


7 6 5 4 3 2 1 0: 
mim_| tw | ne | esc | ese | esi | so | 
RESET: 

0 1 U U U U U U 


*The value of corresponding bits in MOR is written during RESET rising 
edge. These bits always read ‘one’. 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1=Set when the timer data register changes to all 
zeros , 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask ~ 
Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0= Interrupt enabled 
TIN — External or Internal 
Selects input clock source 
1=External clock selected 
0= Internal clock selected (fosc/4) 
TIE — TIMER External Enable 
Used to-enable external TIMER pin. When TOPT=1, 
TIE is always a logical “‘one”. 
1=Enables external timer pin 
_ 0=Disables external timer pin 
PSC -— Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero when TOPT=0. When TOPT = 1, this 
’ ... bit will read a logical “one” and has no effect on the 
prescaler. 
PS2, PS1, PSO — Prescaler Clear 
Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 








NOTES 


When changing the PS bits in software, the PSC 
bit should be written to a “one” in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. , 


MASK OPTION REGISTER (MOR) $F38 


The MOR is implemented in EPROM. This register con- 
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 


7 6 5 4 3 2 1 0 
jc [tor] as | | | me | er | mo | 
CLK — Clock (oscillator type) 


1=Resistor Capacitor (RC) 
0=Crystal 
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TOPT — Timer Option 
1 = MC6805U2 type timer/prescaler. All bits except 
6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805U2 mask options. 
0=All TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0=Internal clock 
Bit 4 
Not used if TOPT=1. Sets the initial value of TIE in 
the TCR if TOPT=0. 
1=Not used 
0= Sets initial value of TIE in the TCR 
Bit 3 
Not used 
P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer préscaler. 
Prescaler 





PROGRAMMING CONTROL REGISTER (PCR) $00B: 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica- 
tions. 


7 6 5 4 3 2 1 0 
pt ts fo | | | row] aoe | ae 
RESET: 

U U U U U U 1 1 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set. during reset, but may be cleared any- 
time. 
1=Read EPROM 
___._ 0=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming 
__.__0=Enable EPROM programming (if PLE is low 
VPON — Vpp On 
_ Aread-only bit that indicates high voltage at the Vpp 
_pin. When set to “one”, disconnects PGE and PLE 
from the chip. 


1=No high voltage on Vpp pin - 
0=High voltage on Vpp pin 


NOTE 


VPON being “zero” does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 


VPON | PGE | PLE | Programming Conditions 


Programming mode (program 
EPROM byte) 


PGE and PLE disabled from 
system 
Programming disabled (latch 
address and data in EPROM) 


PGE and PLE disabled from 
system 



















“High voltage’ on Vpp 


PGE and PLE disabled from 
system (operating mode) 















EPROM PROGRAMMING 


ERASING THE EPROM 


The EPROM can be erased by exposure to high-inten- 
sity ultraviolet (UV) light with a wavelength of 2537 angs- 
troms. The recommended integrated dose (UV intensity 
X exposure time) is 25Ws/cm2. The lamps should be 
used without software filters, and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure Clears all bits of the MCU EPROM to the “zero” 
state. Data then can be entered by programming “ones” 
into the desired bit locations. 


PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple- 
ment the self check is used to start execution of the boot- 
strap program. 

A MCM2532 UV EPROM iether industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. Refer to application note, MC68705P3/R3/U3 8- 
bit EPROM Microcomputer Programming Module (AN- 
857/D Rev.2) for schematic diagrams and instructions on 
programming the MCU EPROM. 


EMULATION 


The MC68705U3 emulates the MC6805U2 and 
MC6805U3 “‘exactly”.. The MC6805U2 and MC6805U3 
mask features are implemented in the mask option reg- 
ister EPROM byte. The following identify the few minor 
exceptions to the exactness of the emulation. 

1. The MC6805U2 “future ROM” areas are imple- 

mented in the MC68705U3 and these 1728 bytes 
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must be left unprogrammed to accurately simulate 
the MC6805U2. ; 

2. The reserved ROM areas have different data stored 
in them. In the MC6805U2 this area is used for self 
check, and in the MC68705U3 this area is used for 
the bootstrap program. mS 

3. The MC6805U2 reads all ones in the 48 byte “future 
RAM” area. This area is not implemented on the 
MC6805U2/U3 mask ROM version but is imple- 
mented on the MC68705U3. 

4. The M€68705U3 Vpp (pin 7) line is tied to Vcc dir: 
ing normal, operations. On MC6805U2, this pin is 
grounded during normal operations, and on the 
MC6805U3, this pin is not connected. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS. 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction listing. 


ee 
[Load A from Memory | LDA 
[Load xfrom Memory LOX 
| Store Ain Memory | STA 
| Store Xin Memory SIX 
|Add MemorytoA | ADD 
[ Add Memory andCarrytoA | ADC 
| Subtract Memory SUB 
Subtest teon tom wih Soon __| S86 | 
ewe] 
js cex | 
28m a] 
[ume _| 
| usr 






















READ-MODIFY-WRITE INSTRUCTIONS — 


These instructions read-a memory location ora reg- 
ister, modify or test its contents,,and write the modified 
value back to memory or. to the register. The test for 
negative or zero (TST) instruction is an exception to the 


| Decrement 


read-modify-write sequence since it does not modify the 
value: Refer to the follewing list of instructions. 


Function 


Clear 

Complement 

Negate (2's Complement) 
Rotate Left Thru Carry 
Rotate Right Thru Carry 
Logical Shift Left 

Logical Shift Right 


Arithmetic Shift Right os 
Test for Negative or Zero ; tst__| 


BRANCH INSTRUCTIONS 


This set of instructions branches if a sarticular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Branch Always 
Branch if ala abl 


| BRA 
| BRN | 
| BHI 
Geeta eee eae 
-Seesh Hoary Geer __}_bee_| 
|_(BHS) | 
| Bes | 
| (Bio) | 




















(Branch. if Higher or Same) 


“(Branch if Lower) = 7 

ome me 

on Saas Se 
Branch if Eee Mask Bit i is Set . : 


BIT MANIPULATION anes 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs; timer, tirner control, arid on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 





(BLO) 
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these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 


the bit tested is also placed in the carry bit of the condition | 


code register. Refer to the following list for bit manipu- 


lation instructions. 
| Branch ifBitnisSet_ | BRSETn (n=O... 7) 


Branch if Bit n is Set ; 











BSET n (n=0...7) 
BCLR n(n=0.-.7 


CONTROL INSTRUCTIONS 





These instructions are register reference instructions | 


and are used to control processor operation during pro- 
gram execution. Refer to. the following list for control 


instructions. 
|TransferAtox | CTAX 


Transfer A to X 


Transfer X to A 














3 
i SEC 
[Setinterrupt Mask it |S! 
Software Interrupt 
[Reset Stack Pointer RSP 
[NoOperation NP 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU. uses ten different addressing modes to pro- 


vide the programmer with an opportunity to optimize the : 
code for all situations. The various indexed addressing 


modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space: Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 


permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct- * 


addressing instructions access all data bytes in most ap- 

plications. Extended addressing permits jump instruc- 

tions to reach all memory. 22, ; 
The term “effective address”’ (EA) is used in describing 


the various addressing modes. Effective address is de- 


fined as the address from which the argument for an 
instruction is fetched or stored. 


Branch if Bit n is Clear BRCLR n (n=0 weed) 


Psetcanyen —SSSS*d ed 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT . 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 


two-byte instruction. 


EXTENDED | 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 


- mode are capable of referencing arguments anywhere in 
~ memory with a single three-byte instruction. 


RELATIVE 3 
The relative addressing mode is only used in branch 


"instructions. In relative addressing, the contents of the 8- 


bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move’a pointer 
through a'table or to hold the address of a frequently 
referenced RAM or I/O location. , 


INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef- 


:. fective address is the sum of the contents of the unsigned 
” 8-bit index register and the unsigned byte:following the 


opcode. The addressing mode is useful for selecting the 
Kth element in'an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning: of the table in the instruction. As such, 
tables may begin anywhere within the first 256-address- 
able locations.and could extend as. far.as location 510 
($1FE is the last location at which. the instruction may 


begin). 


INDEXED, 16-BIT OFFSET 

In the indexed, ‘16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 
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Table 3. Opcode Map 
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Abbreviations for Address Modes 
INH. Inherent 

IMM Immediate 

DIR Direct 


EXT ~— Extended 

REL Relative 

BSC _ Bit Set/Clear 

BTB Bit Test and Branch 

IX Indexed (No Offset) : 
IX1 Indexed, 1 Byte (8-Bit) Offset 
IX2- ~ Indexed, 2 Byte (16-Bit) Offset 


# of Cycles 
Mnemonic 
Bytes 


Opcode in Binary 





Address Mode 


Opcode in Hexadecimal 
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BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
\/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 


~ The signed relative 8-bit offset in the third byte is added 


to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this. mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage 


Input Voltage 
EPROM Programming Voltage 


























(Vpp Pin) Vpp —0.3 to +22.0 
TIMER Pin — Normal Mode Vin —0.3 to +7.0 
TIMER Pin — Bootstrap 

Programming Mode Vin —0.3 to. + 15.0 
All Others Vin —0.3 to +7.0 





Operating Temperature Range. 
_ MC68705U3 
MC68705U3C 


TL to Ty 
Oto +70 






—40 to +85 


THERMAL CHARACT ERISTICS 






POWER CONSIDERATIONS . 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp * 8a) (1) 


where: 
Ta = Ambient Temperature, °C 
8A = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = PINT+PPORT 
PINT = 'cc*Vcc, Watts — Chip Internal Power 
PportT = Port Power Dissipation, 


Watts — User Determined 


Seabot} ‘Valen _{ Us 








Storage Temperature Range ~55 to +150 


Junction Temperature 
Cerdip 


| _—Gharacteristic | Symbol| Value | Unit 


Thermal Resistance 
Cerdip °C/W 


These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. For proper operation, it is rec- 
ommended that Vin and Voyt be constrained 
to the range Vgg<(Vjn and Vout)<Vcc. Re- 
liability of operation is enhanced if unused 
inputs except EXTAL are tied to. an appro- 
priate logic voltage level (e.g., either Vss or 


Vcc). 


For most applications PegrT<Piyt and can be ne- 
glected. PPoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between PD and Ty (if 
Pport is neglected) is: 


Pp= K+ (Ty +273°C) (2) 
Solving equations (1) and 1) for K gives: 
K=Pp ° (Ta + 273°C) + OJA*PD2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Tp 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
_WoD= 5.25. Vde. + 0.5%, Vgg =0 Vde,.Ta=20 to 30°C, unless otherwise noted) 


Characteristic 


Programming Voltage 


‘|: Vpp Supply Current 
-; Mpp=5.25 V. 
Vpp=21.0 V 


Programming Oscillator Frequency 


Bootstrap Programming Mode Voltage 
- (TIMER Pin) @ lyyTp= 100’ 2A Maximum 





ELECTRICAL CHARACTERISTICS | 
(Vcc = +5.25 Vde +0.5 Vde, Vgg =0 Vdc, Ta =0°C to 70°C, unless otherwise noted) 


Characteristic 





Input High Voltage 
RESET (4.99 < Vcc < 5.51) 
(Vec < 4.75) 
INT 4.99 < Vcc < 5.51) 
(Vcc < 4.75) 
_All Other 


Input High Voltage (TIMER Pin) 
» Timer Mode 
Bootstrap Programming Mode 





Input Low Voltage 
RESET 
INT" : 
All Other 


“Internal Power Dissipation (No Port ‘asain. Vcc =5.25 V Ta=0°C 
|: for Steady-State Opsration): Ta = —40°C 


Input Capacitance 
EXTAL 
All Other 


INT Zero-Crossing Input Voltage — Through a Capacitor 


RESET Hysteresis Voltage 
Out of Reset Voltage 
Into Reset Voltage 


Programming Voltage (Vpp Pin) 
Programming EPROM 
Operating Mode 


Input Current 
TIMER (Vin =0.4 V) 
INT (Vjn=0.4 V) 
EXTAL (Vin =2.4 V to Vcc Crystal Option) 
(Vin =0.4 V.Crystal Option) 
RESET (Vin =9. 8'V) 
(External Capacitor Changing Current) 





*Vpp (pin.7) is connected to Vcc in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 
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SWITCHING CHARACTERISTICS re ga! 
(Vcc= +5.25 Vde +0.5 V, Vgg =0 Vdc, Ta =0°C to 70°C, unless otherwise noted) 


Oscillator Frequency fosc 
Normal 


Instruction Cycle Time (4/fosc) | tee | 0.950 | 
ty 
0.03" 








| Te _| 
7 = 
LINT,INT2, or Timer Pulse width | tte | toyet250 | — | 
|RESET Pulse width tm tye +280 | | 
Lied 
int | 00s | 
ee 






External Clock Duty Cycle (EXTAL) ee ee ee 
Crystal Oscillator Start-Up Time ne =e 


PORT ELECTRICAL CHARACTERISTICS 
(Vcc = +§.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta=0° to 70°C, unless otherwise noted) 


| Characteristic =| Symbot | Min |. typ | Max | Unit_— 
ae a Port A ; : iS 


ie) 
Output High Voltage, tLoad= — 10 pA 
Input High Voltage, | oad ='— 300.nA (Max) 1 
Input Low Voltage, It oad= — 500 »A (Max) V 
Hi-Z State Input Current (Vj, =2.0 V to Vcc) 
7 _ Port B 
0 
0 












Vv 

Vo 

Vo 
Vv 





<= 
Qa 


| 
Ie 
I 
I 







Oo 
- 


Output Low Voltage, ILoad= 1.6 mA 


| 
= 
fo) 


<= 
OQ 
io) 

< 


L 
H 
H 
H 
L 
VOL 
VOL 
VOH 
VIH 
VIL 
L 
H 
H 
L 
H 
L 


Vo 
Vv 


Np 
oy 


| 20 
a 
| 20 | 


< 
Q 
oO 


oO 
Vv 
Vv 


<2 
<2 


pA 


Port D (Input Only) 


Input High Voltage | 


Vv 
Input Low Voltage Vv 


Input Current 





| | 
eae al 
[aoe 
Vss 
| = 
Vss 
7 
Vss 
Vss 
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Vcc =5.75 V 








Test MMD6150 
‘Point. or Equiv. (450 Test Point 
. I 30 pF (Total), 
Badal MMD7000 
(Total) or Equiv. 
Figure 10. TTL Equivalent Test Load Figure 11. CMOS Equivalent Test Load 
_ (Port B) (Port A) — 
Vcc =5.75 V 














Test MMD6150 soc ag Vv 
Point i 34 k 
bak 2.91 KO Ss. 
Test 
Point : 
MMD7000 
30 pF 
front or Equiv. ‘as ae 30 pF (Total) 
Figure 12. TTL Equivalent Test Load Figure 13. Open-Drain Equivalent Test Load 
(Ports A and. C) (Port C) 
Vop 
Port C Open-Drain Port A CMOS ‘ . Vob 





a Pullup Option 
1- 10k Typ. 













Option \ VpDo 






PB DDR 
PB Data 





Port Data 







IP = Input Protection IP = Input Protection 


Figure 15. Port B Logic Diagram 


Test Point eats 


o—{s) 
Vary V, 
Measure | 
Oy 





Figure 16. Typical Input Protection Figure 17. /O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705U3. 


Table 3. Generic Information 


Package Type Order Number 





Cerdip 0° to 70°C MC68705U3S 
S Suffix — : — 40° to + 85°C MC68705U3CS 


MECHANICAL DATA 


PIN ASSIGNMENTS 
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TECHNICAL DATA MC68705U5 


Technical Summary 
8-Bit EPROM Microcontroller Unit 


The MC68705U5 (HMOS) Microcontroller:Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel I/O capability with pins programmable as input or out- 
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto- 
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 





@ Internal 8-Bit Timer with 7-Bit @ Vectored Interrupts 
Programmable Prescaler © Bootstrap Program in ROM 
® On-chip Oscillator e 3776 Bytes of EPROM 
@ Memory Mapped I/O e@ 112 Bytes of RAM 
@ Versatile Interrupt Handling @ 241/0 Pins 
® Bit Manipulation @ EPROM Security Feature 
@ Bit Test and Branch Instruction 
BLOCK DIAGRAM 
eo, XTAL — EXTAL RESET vppINT 
mer 





Timer Control 


d 
























PA\ PDO 
: Accumulator | 
PAI Gi i) PD} 
A PD2 
port ee om Data CPU bee ms 4 Port 
A Dir index Control | (9) 
PA4 Input 
v0 PAS Reg Register PD4 np 
Lines PAB 8 x | PDS Lines 
PA7 Condition - a4 PD6 (INT?) 
Code PD7 
Register 
PBO 
PCO 
Port PB2 Pont 
or PB3 om Data ointer Data Port PC2 Bont 
& Du PC3 Cc 
0 PB4 R Program Dir Cc PCA 
tines PBS a Counter Reg Reg PC5 Vv 0 
PB6 4 High PCH PC6 Lines 
PB7 Program PC? 
Counter 







Low PCL 


3776 x8 

EPROM 
O x 33 

Bootstrap 
ROM 






112 x8 
RAM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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oe DESCRIPTION 


Vec AND ves’ 

Power is supplied to the microcontroller using these 
two pins. Vcc is +5.25 Volts (+0.5A) power, and Vgsg is 
ground. — 


VpP 
' This pin is used when programming the EPROM. 
‘normal operation, this pin is connected to Vcc. 


INT 

This pin provides the capability for asynchronously ap- 
plying on external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide:control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on mask option 
register setting) is connected to these pins to Bcprevige a 
system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc¢ is shown in Figure 2. 


C1 


EXTAL Rs XTAL 


AT — Cut Parallel Resonance Crysta! 
Co=7 pF Max 
Freq. = 4:0 MHz @ Ci =24 pF - 

“Rg =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be _ 
used instead of crystal oscillators. Follow 
ceramic ‘resonator manufacturer's sug- 
gestions for Co, Cy, and Rs values. 






EXTAL 
External 
Clock 
input See Note 1) 
External Clock 
NOTES: 


(See Note2) C3 






(RC Option, 
See Note 1) 


Approximately 25% to 50% Accuracy 
Typical teye= 1.25 us 
External Jumper 


Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Refer 
to ELECTRICAL SPECIFICATIONS for Vcc specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to Vss, as shown in Fig- 
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 


This pin. is used as an external input to: control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro- 
gram. 


~ RESET 


This pin has a Schmitt trigger input and an on- chip 
pullup. The MCU can be reset by pulling RESET low. 








mcu 
5] EXTAL: (Crystal Option, 
See Note 1) 










Crystal 





MCU 
(RC Option, 
See Note 1) 


5} EXTAL 





No 
- Connection: | 





MCU 





.. Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


1. For the MC68705U5 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vcc, the clock generator option is determined by bit 7 of the Mask Option Register (CLK). 

2. The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure’1. Oscillator Connections 
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Oscillator Frequency (MHz) 





0 10 20 30 40. 50 60 .70 80 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC7, ed 
PD7) fe 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port and is not 
controlled by any data register. Port D bit 6 may be used 
for a second interrupt (INT2). Refer to PROGRAMMING 
for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are. programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D is input only. The port I/ 
O programming is accomplished by writing the corre- 
sponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 
















Date 
Direction Register 
Bit® 


” 
se Latched 
£6 Output 
2 & Data 
i 
~ Oo 
Oo 


; DDR isa write-onty register and reads as ail “1s” 





When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (1). Refer to Table 1 for I/O 
functions and to Figure 3 for typical port circuitry. 


NOTE 


Read- modify-write instructions should not be used 
when writing to the DDR since DDRs alvays read 
as ‘one’. 


Table 1. /O Pin Functions: 


Data 
Direction 
Register Output 
Bit i State 


Input 


ico 


0 
1 : ; 
Xx Hi-Z** » Pin 


**Ports B and C are three-state ports. Port A has an internal 
pullup devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con- 
trol register, and I/O. The interrupt vectors are located 
from $FF8 to $FFF. The bootstrap is a mask-programmed 
ROM that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 


’ Figure 3. Typical Port VO areas and 
Register Configuration 
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1/0 Ports Timer 
and 
RAM 
(128 Bytes) 
Page Zero 
User EPROM 
(128 Bytes) 





Main 
EPROM 
(3640 Bytes) 





207 
Bootstrap .. : 
asiad : ROM 
(120 Bytes) 






Interrupt 
Vectors 












76643210 




















0 sano 
seo 
2 sane 
3 sons 
4]... PottADDR* $004 . 
5 sos 
6 Port C DOR* $006 
7 sa07 
8 |. Timer Data Register $008 
9 | Timer Control Register | $009" 
Miscellaneous Register | $00A 
Program Control Register | $00B 
$00C-S00F 
; $010 


RAM 
(112 Bytes) 










Stack 
_ {31 Bytes Maximum) 





$07F 


* Caution: Data direction registers (DDRs) are write-only; they read as SFF. 


Figure 4. Memory. Map 


decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 
: NOTE 


Using the stack area for data storage or tempo- . 
rary work locations requires care to prevent it from 
_ being overwritten due to stacking from an interrupt 
~ or subroutine call. , 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. : 


ACCUMULATOR (A) : 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 
INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 
an effective address. The index register may also be used 


as a temporary storage area. 
7 0 


ha aa 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 
11 8 7 0 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 


Jevels of subroutine calls (less if interrupts are allowed). 


1 4 0 


5 
jofofofofofrjs] sv | 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs... 
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4 ; 0 
ail 
Half Carry (H) : 


This bit is set during ADD ‘and ADC operations to in- 
dicate that a carry occurred between. bits 3 and 4. 


Interrupt (1) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external-interrupt occurs while 


this bit is set, the interrupts latched and is piecesten as 
soon as the interrupt bit is cleared. : 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit |, 


7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 


last arithmetic operation. This bit is also affected during. 


bit test and branch instructions, and during shifts and 
rotates. 


RESETS | 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the line 
logic level. 


POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on voltatge: A delay 
of tRHL milliseconds is required before allowing RESET 
input to go high. Connecting a capacitor to the RESET 
input (Figure 5) typically provides sufficient delay. 











Figure 5. Power-Up RESET Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 


‘RESET input for a period longer than one machine cycle 
(eye. Under this type of reset, the Schmitt trigger switches 


at VIRES- to provide an internal reset voltage. 


~ INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

‘ Interrupts cause the processor registers to be saved on 
the stack and: the interrupt mask (I bit)set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order i is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 
The current instruction is considered to be the one 
already fetched and being operated on... 


When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 


2 1 Pull 








6 4 
n-4 stot Condition Code Register n+1 
n-2 Index i all n+3 _ 





* Push 


n+5 


“s For subroutine calls, only PCH and PCL are stacked. 


paar 6. ene Stacking Order 
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(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. — 

lf both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless. of the setting 
of the | bit. Refer.to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt.is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 


Reset 





11 (in CC) 
07F » SP 
0» DDRs 
CLR INT Logic 
FF » Timer 
TCR6 411 
TCR7 40 
















(TIMER INT) 
(TCR7 @ TCR6) 
MR7 e MR6 
INT2 





‘. Put FFE on 
Address Bus 






Fetch 
Instruction 






RESET 
Pin= Low ra |s Fetched 
N RESET instruction 
Pin= High on SWI? 


Load Options From 
MOR ($F38) Into 
Control Logic 


Execute 
Instruction 






Load PC 
From 
FFE/FFF 





masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software.. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input-on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
an interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 






Stack 
PC, X, A, CC 














Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
___Timer or 

INT2: FF8/FF9 













PC—PC+1 





Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing Interrupt - 


A sinusoidal input signal (fjNT maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, providesa 2f clock. 


Digital-Signal Interrupt 

With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of.a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 


MODES OF OPERATION 


The MCU has two modes of operations: normal and 
bootstrap. The following paragraphs describe these 
modes. 


NORMAL MODE 


This mode is a single-chip mode and is entered if the 
following conditions are met: (1) the RESET line is low, 
(2) the PCO-pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vss. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 





BOOTSTRAP MODE 


The bootstrap mode is entered if the TIMER pin= +12 
V. Refer to application note, MC6805P3/R3/U3 8-Bit EPROM 
Microcomputer Programming Module (AN-857 Rev.2). 


(a) Zero-Crossing Interrupt 


ac 


(Current 
Input - 
(tint Max.) Limiting) 
Rs1MQ 
ac Inputs e 
10 Vac pp 





TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refers 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. The TDR is unaffected by 
reset. 


SOFTWARE CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes ‘plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para- 
graphs describe the different modes. 


(b) Digital-Signal interrupt 
Vec 





TTL 
Level 
Digital 
Input 


Figure 8. Typical Interrupt Circuits 
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Microcomputer Internal Bus_ 
Write Read 










EPROM Byte 
Mask Option Register (MOR) 






‘CIN Timer Data Register (TDR) 


8-Bit Counter 









7-Bit Prescaler Select 


1-of-8 


$2 ; 
Clock Timer 
Interrupt 


Request 


fpin— Prescaler Input Frequency Timer Control Register Bits: Mask Option Register Bits: 
fciN— Counter Input Frequency TIR— Timer Interrupt Request Status CLK — Clock Oscillator Type 
. TIM -- Timer Interrupt Mask TOPT — Timer. Mask/ Programmable Option 
TIN— Timer Input. Select CLS=— Timer Clock Source 
TIE — Timer External Input Enable’ . (TIE) — (Timer External Input Enable) 
PSC —Prescaler Clear SNM — Secure/Non-Secure Mode Option 
PS2, PS1, PSO—Prescaler Select P2, P1, PO—Prescaler Option 


Figure 9. Timer Block Diagram 
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Timer Input Mode 1 


When TIE and TIN are both siSgiammied to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 


When TIE=1 and TIN=0, the neque clock and the 
timer input signals are ANDed to form the timer input. 
This mode can.be used to measure external pulse widths. 
The active high, externa! pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TIE=0 and TIN=1, no preseslan input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 


When TIE and-TIN are both one, the timer input is from 


the external clock. The external clock can be used.to count 
external events as well as to provide an external fre- 


quency for generating periodic interrupts. Frequency, of - 


external input must be < fgg¢/8. 


MOR CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
ame as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits:0, 1, 2, and 5 are determined 
during EPROM programming by'the same bits in the MOR. 
Therefore bits 0, 1, 2, and 5 in the MOR control the pres- 


caler division and the timer clock selection. TIE (bit 4) and _ 


PSC (bit 3) in-the TCR are set to a logic one when in the 
MOR controlled’ mode. TIM (bit 6) and TIR (bit 7) are 
controlled ‘by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT = 1, the TCR emulates the MC6805U2; when 
TOPT =0, the TCR is controlled by software. 


TCR with MOR TOPT =1 

6 5 4 3 2 1 0 
| mm | mm | + fs Pose] + | + | | 
TCR a oh TOPT = : 


3 2 1 0 
Cow Daw [te De [ret [er [a 
RESET: 


0 1 fo) ae 4 ues ou 





*The value of corresponding bits in MOR is written during RESET rising 
edge. These bits always read ‘one’. 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1 =Set when the timer data register changes to all 
zeros) 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
_ 1=Interrupt inhibited. 
0=Interrupt enabled © 
TIN — External or Internal 
Selects input clock source 
_1=External clock selected 
0=Internal clock selected (fgsc/4) 
TIE — TIMER External Enable 
Used to enable external TIMER pin. When TOPT=1, 
TIE is always a logical “one”. 
1=Enables external timer pin 
0=Disables external timer pin 


~ PSC — Prescaler Clear 


Write only bit. Writing a 1 to this bit resets the pres- 
caler to zero. A read of this location always indicates 
‘a zero when TOPT=0. When TOPT=1, this bit. will 

: read a logical “‘one’’ and has no effect on the pres- 
caler. : 

PS2, PS1, PSO — Prescaler Clear 

Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 





NOTES 


When changing the PS bits in software, the PSC 
bit should be written to a:‘one” in the same write 
cycle to clear the prescaler. Changing the PS bits 

- without clearing the prescaler may cause prescaler 
truncation. 


MASK OPTION REGISTER (MOR) $F38 


The MOR is implemented in EPROM. This register con- 
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 


7 6 5 4 3 2 1 0 
cx | opr | cs | | snm| re | pr | po | 
CLK — Clock (oscillator type) 


1=Resistor Capacitor (RC) 
0=Crystal 


MOTOROLA.MICROPROGESSOR DATA 
3-700 





MC68705U5. 


TOPT — Timer Option P ws 
1=MC6805U2 type timer/prescaler. All bits except 


6. and 7, of the TCR are invisible to the user. 


Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805U2: mask options. 
0=All TCR bits are implemented as a software pro- 
., grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. ; 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0=Internal clock 
Bit4 
Not used if TOPT=1. Sets the initial value of TIE in 
the TCR if TOPT=0. 
1=Not used 
0=Sets initial value of TIE in the TCR 
SNM — Secure. Mode. 
1=EPROM contents cannot be access externally 
0=EPROM not programmed 
P2, P1,:-P0 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. :. 


Prescaler 


Divide By 





PROGRAMMING CONTROL REGISTER (PCR) $00B 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica- 
tions. 


TCR with MOR TOPT=1 


RESET: 
U U U U Pee Ae Cae, =] 


PLE — Programming Latch Enabe Ree tia 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. a 
1=Read EPROM 
____ 0= Latch address and data.on EPROM | 
PGE — Program Enable pete e 


Enables programming of EPROM. Must be set when 


changing the address and. data. Set during reset: . - 
1=Inhibit EPROM programming. —_ iH 
0=Enable EPROM programming (if PLE is low) 


Ca 4 ee: 1 0 
ee ee 


VPON — Vpp On : eon mo 
A read-only bit that indicates high voltage at the Vpp” 
pin. When set to “one”, disconnects PGE and PLE’ 
from the chip: ' 

1=No high voltage on Vpp pin: 
» 0=High voltage on Vpp'‘pin 


‘NOTE 


VPON being “zero” doés not indicate that the Vpp 
level is correct for programming. It is used. as a 
safety interlock for the user in the normal operating 
mode. ia 


| PLE | Programming Conditions 








Programming’ mode : (program 
EPROM byte) 
1 PGE and PLE disabled from 
system : 
1 0 Programming disabled (latch 
address and data in EPROM) 


PGE and PLE disabled from 
system . 











Invalid state; PGE =0 if PLE=0 


- 
Invalid state; PGE =0 if PLE=0 


fo | 
| o.| 
ee eI “High voltage’ on Vpp: .. 








PGE and PLE disabled from - 
«| system (operating mode) 


EPROM PROGRAMMING ... 
ERASING THE EPROM 
The EPROM can be:erased by exposure to high-inten- 
sity.ultraviolet (UV) light with-a wavelength of-2537. angs- 
troms. The recommended integrated dose (UV intensity 
xX exposure time) is 25Ws/cm2. The lamps should be 
used without software filters and.the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MCU EPROM to the “zero” 
state. Data then can be entered by programming “ones” 
into the desired bit locations. ee 


PROGRAMMING 


The MCU bootstrap program can be used to program. 
the MCU EPROM. The alternate vectoring used to imple- 
ment the self check is used to start execution of the boot- 
strap program. Does 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. The. MC68705U5 is programmed the same as 
the MC68705U3. Refer to application note, MC68705P3/_ 
R3/U3 8-bit EPROM Microcomputer Programming Moa- 
ule (AN-857 Rev.2) for schematic diagrams and instruc- ; 
tions.on programming the MCU EPROM. — 


EMULATION | 


The MC68705U5 emulates the MC6805U2 and 
MC6805U3. “exactly”. The MC6805U2 and MC6805U3 - 


MOTOROLA MICROPROCESSOR DATA . 
3-701. 








MC68705U5 — 


mask features are implemented in the mask option reg- 
ister EPROM byte. The following identify the few minor 
exceptions to the exactness of the emulation. 

1. The MC6805U2 “future ROM” areas are. imple- 
mented in the MC68705U5 and these 1728 bytes 
must be left unprogrammed to accurately simulate 
the MC6805U2. 

2. The reserved ROM areas have different data stored 
in them. In the MC6805U2 this area is.used for self 
check, and in the MC68705U5 this area is used for 
the bootstrap program. | 

3. The MC6805U2 reads all ones in the 48 byte “future 
RAM” area. This area is not implemented on the 
MC6805U2/U3 mask ROM version but is imple- 
mented on the MC68705U5. 

4. The MC68705U5 Vpp (pin 7) line is tied to Vcc dur- 
ing normal operations. On MC6805U2, this pin. is 
grounded. during normal operations; on ‘the 
MC6805U3, this pin is not connected. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which.can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following.paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


[in (on 
Testa rom Menoy oa | 
ano 

3 ane _| 













store Xin Mero de | 
subtatMemoy 


OR Memory with A 





Bit Test Memory with A (Logical Compare) B 


i IT 
Jump Unconditional 


Jump to Subroutine JSR 














READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read:a memory location or a reg- 
ister, modify’ or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following listing of instructions. 





Function 


remo 
Rowe ig Tw Cony | ROR 













Logical Shift Right ; 
Arithmetic Shift Right ; 
Test for Negative or Zero 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol-— 
lowing list for branch instructions. 


| Function | Mnemonic 
[Branch Aways | BRA 
[Branch Never BRN 
|BranchifHigher | BH 
| Bs 
feeBCe. | 





BRA 

ranch i Higher or Same) =i Cas 
[Branch f Not Equal——SSCS~d Ci 
[Branchifequat_—SS~S~ Ci 


Branch if Interrupt Mask Bit is Set - 
















Branch if Interrupt Line is Low - = 
Branch if Interrupt Line is High 
Branch to Subroutine eb 


| BM 
| BMS 
| BiH | 
| BSR 
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BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 


code register. Refer to the following list for bit manipu- 


lation instructions. : 


| Function | Mnemonic | 











CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. , 








[Fenetion_————*d nemo 
Setinterupt Maske ———SSCSCS~S~SC*d 
Nor 





Clear Interrupt Mask Bit 


OPCODE MAP SUMMARY 


Table 2 is an opcode map for the instructions used On 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 


long absolute addressing is also included. Two-byte direct- 


_ addressing instructions access all data bytes in most ap- 
_ plications. Extended addressing permits jump instruc- 


tions to reach all memory. : 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program. execution (e.g., a 
constant used to initialize .a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEXED, NO OFFSET 


inthe indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to. hold the address of a frequently 


‘referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the. unsigned byte following the 
opcode. The addréssing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 


. the beginning of the table in the instruction. As such, 


tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 
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Table 2. Opcode Map 





[Bit Manipulation [Branch 





| BTB | “BSC REL INH | 





'BRCLAO BCLRO 








“BRSET!. " BSET! 






















R 
BRCLAL "BCLAI BUS. 
‘BRSET2 " aser2 











Read-Modify-Write Control a 
INH [IX IX INH” INH IMM Tix 
a (ea Pte | ain | 
0101 orld O11 1000 100% 1010 
7 6 : 
NEG NEG * NEG SUB SUB 
INH IXt_ [1 Ix x 4 0000 
CMP CMP 
2 xi] 1 IX 
SBC SBC 
2 (Xt td IX 
6 
COM CPX CPX 
1 1X Xt] 4 8 
6 
1X 0 
5 4 








‘BRCLA “BCLAZ_ 








a 








ee 
oO oa 





BRCLAS "BCLAS 








ol 








BIT . BIT 








4 
‘ BSET4 
TB. 





ol 

















" BCLAA * BHCS 


ol- 














BTS 
BRSETS ' BSETS 


ol 





BRSETS BSET6 








4 
'BRSET7 " BSET7 
4 


























4 
CLR CLRA 
2 DIR | +t INH 


7 
SBRCLAT, : 


Abbreviations for Address Modes 


INH’ inherent 
IMM Immediate : 
DIR Direct 


EXT — Extended 

REL Relative 

BSC Bit Set/Clear 

BTB Bit Test and Branch 

Ix Indexed (No Offset) 

IX1 ‘Indexed, 1 Byte (8-Bit) Offset 
1X2. Indexed, 2 Byte (16-Bit) Offset 


a 
CLRX 
1 INH 








#-of Cycles 
Mnemonic 
- Bytes 





Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- | 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit.to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 


bit to be tested, and its condition (set or clear), is included 


-in the opcode. The address of the byte to be tested is in 


the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS. 


MAXIMUM RATINGS ieieges Referenced to Vss) 


| Rating =| Symbol 
Supply Voltage | -Vec_| 


Input Voltage 
EPROM Programming Voltage 
(Vpp Pin) 

_ TIMER Pin — Normal Mode 
TIMER Pin — Bootstrap 

Programming Mode 

All Others 


Operating Temperature Range 
MC68705U5 
MC68705U5C 


Storage Temperature Range 
















-0.3 to +22.0 
—0.3 to +7.0 





" 0.3 to +15.0 
0.3 to +7.0 


TL to Ty 
Oto +70 
—40 to +85 
















THERMAL CHARACTERISTICS 


—0.3 to +7.0 













—55 to +150 


Junction Temperature Ty 
Cerdip 175 









These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 

“maximum rated voltages to this high-imped- 
ance circuit. For proper operation, it is rec- 
ommended that Vin and Vout be constrained 
to the range Vsg < (Vin and Vout) = Vcc. 
Reliability of operation is enhanced if unused 
inputs except EXTAL are tied to an. appro- 
priate logic voltage level (e.g.,.either VSs or 


Vcc). 
















Thermal Resistance 
Cerdip 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pps 6ya) (1) 


where: 
Ta = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = PINT+PPORT 
Pint  =!cec*Vecc. Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 


For most applications PeortT<Pint and can be ne- 
glected. PPORT. may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


PpHK+(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pps (Ta + 273°C) + 8yasPp* (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 Vde +0.5%, Vgg=0 Vdc, Ta =20°C to 30°C, unless otherwise noted) . 





Characteristic 
Programming Voltage . 


Vpp: Supply Current 
Vpp=5.25 V 
- Vpp=21.0V | 


Programming Oscillator Frequency 


Bootstrap Programming Mode. Voltage 
(TIMER Pin) @ ljyTp=100 pA Maximum 


ELECTRICAL CHARACTERISTICS ' ae 
(Vec= +5.25 Vde +0.5 Vdc, Vgg =0 Vde, Ta=0°C to 70°C, unless otherwise noted) 





oe, Characteristic 
Input High Voltage. 
_RESET-(4.99 < Vcc < 5.51) 
(Vee < 4.75) 
INT (4.99 < Vcc < 5.51) 
(Vcc < 4.75) 
All Other 


Input High Voltage (TIMER Pin) 
Timer Mode 
Bootstrap Programming Mode 





‘Input Low Voltage 
RESET 
- INT 

All Other 


-Internal Power Dissipation (No Port Loading, Vcc = 5.25 V Ta=0°C! — PINT 520 
-: for Steady-State Operation Ta=48°C | © 580 800 ; 
input Capacitance 7 i mt 
XTAL 
All Other. 
INT. Zero:Crossing Input Voltage —.Through a Capacitor 
RESET Hysteresis Voltage 


Out of Reset Voltage 
Into Reset Voltage 











Programming Voltage (Vpp Pin) 
Programming EPROM 
Operating Mode 


Input Current 
TIMER (Vin =0.4 V) 
INT (Vin =0.4 V) 
EXTAL (Vin =2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
RESET (Vjn =0.8 V) 
- (External Capacitor Changing Current) -. . 








*Vpp (pin 7) is connected to Vcc in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 
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SWITCHING CHARACTERISTICS 
(Vcc= +5.25 Vde +0.5 Vde, Vgsg =0 Vde, Ta=0°C to 70°C, unless otherwise noted) 


| Characteristic | Symbol 


Oscillator Frequency fosc 
Normal 





Instruction Cycle Time (4/fosc) Ly eared 
INT, INT2, or Timer Pulse Width twutwH | teye+250 | — | Pons | 
RESET Pulse Width | taw, | teyer250 | — | — | ns _ 







RESET Delay Time (External Cap=1.0 wF) | tru | 100_—| 
INT Zero-Crossing Detection Input Frequency fINT. . | 0.03 | 
External Clock Duty Cycle (EXTAL) ae ee 







Crystal Oscillator Start-Up Time 





PORT ELECTRICAL CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


| Gharacteristic | Symbot_| 


Vou 
VoH 
Vox 

Input High Voltage, || oad = — 300 pA (Max) VIH 
Vw 
ML 


VoL 

VoL 
Output High Voltage, ILoad= —200 pA 

Vil 

ViL 

iTsI 


Vou =a 
VoH = 
VK ae 
Vi | — | os | 
its 
aes 
<1 














< 
=x 











Vs 
S 







N | NM 
Oo |} 


Vin 
Vit 


nN 
o 


s 
Ss 


Vv 


fee a ee Il 
post | sw 





; ; 
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Vcc =5.75 V 













Test MMD6150 

Point SrEquly. 1.45 kO 
_ . MMD7000 
(Total) or Equiv. 


Figure 10. TTL Equivalent Test Load 












(Port B) 
Vcc =5.75 V 
Test MMD6150 
Point i 
prEauly: 2.91 kQ 
30 pF MMD7000 
(Total) or Equiv. 


Figure 12. TTL Equivalent Test Load 
(Ports A and C) 


VDD 
Port C Open-Drain 


; Port A CMOS 
Option ‘ VpoDo 


@e Pullup Option 






Port Data 





IP.= Input Protection 





Figure 16. Typical Input Protection 


Test Point as ; 
30 pF (Total) 


t-— 


Figure 11. CMOS Equivalent Test Load 
(Port A) 


Vcc =5.75 V 
3.34 kQ 


Test 
Point 


30 pF (Total) 


pw 


Figure 13. Open-Drain Equivalent Test Load 
(Port C) 


“Ypp | 







1-10k Typ. 


PB DDR 
PB Data 


IP = Input Protection 


Figure 15. Port B Logic Diagram 


Test Point oa en 


Vary V, 


Measure | 
(2)v 


Figure 17. /O Characteristic 
Measurement Circuit 
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MECHANICAL DATA 


This section contains the pin assignments and package dimensions for the MC68705U5. 


PIN ASSIGNMENTS 


PA7 
PAG 
PA5 
PAA 
PA3 
PA2 
PAI 
PAO 
PB? 
PB 
PBS 
PB4 
PB3 
PB2 
PBI 
PBO 
PDO 
PDI 
PD2 
PD3 





ORDERING INFORMATION | 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705U5. 


Table 3. Generic Information 


Package Type Order Number 


Cerdip 0°C to 70°C MC68705U5S 
S Suffix ~ 40°C to +85°C MC68705U5CS 
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TECHNICAL DATA MC68HC05A6 


Product Preview 
8-Bit Microcontroller Unit 


The MC68HCOS5AGE is an advanced 8-bit microcontroller unit (MCU) with highly sophisticated on- 
chip peripheral capabilities. This device is similar to the MC68HC05C4 with some differences includ- 
ing 2048 bytes of EEPROM and 4156 bytes of user ROM. 

The following are some of the hardware and software features of the MC68HCO5A6. 

@ HCMOS Technology . 
Fully Static Operation 
4156 Bytes of User ROM 
176 Bytes of RAM 
2048 Bytes of EEPROM 
240 Bytes of Self-Check Bootstrap Loader ROM 
24 Bidirectional! I/O Lines 
16-Bit Timer Subsystem 
Serial Communications Interface (SCI) 
Serial Peripheral Interface (SPI) 
Interrupts: External, Timer, SCI, and SPI 
Master Reset and Power-On Reset 
Single 3- to 6-Volt Supply 
On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Option 
2.1 MHz Internal Operation Frequency at 5 Volts 
True Bit Manipulation 
Memory Mapped 1/0 
Two Power Saving Standby Modes 
Multiply Instruction 
40-Pin Dip, 44-Pin PLCC Package 
EEPROM Programming Bootstrap and Charge Pump On-Chip 





This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 
























CRYSTAL, OSCILLATOR BIDIRECTIONAL 
RESONATOR, aoaitie cca BIDIRECTIONAL 
OR RC FAMILY PINS 1/0 PINS 
PROCESSOR , Vv 
310.6 VOLTS 







INPUT 


INPUT PORT PIN 
PORT PIN 7 


SPI OR INPUT 
PORT PINS 


SCI OR INPUT 
PORT PINS 


176 BYTES 
CONTROL RAM 







RESET AND MODE ie oa 
SERIAL 

PERIPHERAL 
INTERFACE 
(SPI) 




























4156 BYTES 
USER ROM 









INTERRUPT OR 
INPUT DATA PIN 


EXTERNAL 
INTERRUPT 


2048 BYTES 
BYTE ERASE 
EEPROM 











SERIAL 
COMMUNICATIONS 
INTERFACE 


N 
INPUT CAPTURE (sci) 







16-BIT 










TIMER 240 BYTES 
OUTPUT COMPARE SUBSYSTEM - SELF-CHECK/. 
~ BOOTSTRAP BAUD-RATE 





ROM GENERATOR 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC68HCO5B4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel |/O capability with pins programmable as input or output. This 
publication contains condensed information on the MCU; for more detailed information, contact your local Motorola 
sales office. 

The following block diagram depicts the hardware features; additional features available on the MCU are shown 
below and at the top of page 2. 

@ On-Chip Oscillator with Crystal/Ceramic Resonator 
Memory-Mapped 1/O 
176 Bytes of On-Chip RAM. 
4160 Bytes of User ROM ; 
24 Bidirectional i/O Lines and 8 Input-Only Lines 


BLOCK DIAGRAM 





<t t 

Q a eo nd Bes 
4 fo] a: & a ai. fG 
3 = 28 22 ef 
a a Ee -& LE Pf. ff le 


OSCILLATOR OSC! 
PLM SYSTEM TIMER SYSTEM WATCHDOG SYSTEM AND 
ns ; DIVIDER BY 2/32 OSsc2 


INTERNAL PROCESSOR CLOCK 


PBO PCO 
BI ACCUMULATOR ” a 
porTB PB2 PORT | DATA Brits A CONTROL pata | PORT POOECLK 
VOLINES Ra B | oR. INDEX DR. | C rey PORT C 
REG. | REG. , REGISTER REG. | REG. PCA LINES 





PBS 
PB6 PCE 
PBT CONDITION CODE PC? 
5 REGISTER ¢¢ 
STACK PDOVANO 
POINTER meee PDI/ANI 
PAO 8 7 PD2/AN2 
PAI PD3/AN3 
PA2 PROGRAM COUNTER cc PD4/AN4 
PORTA PAB fei BR HIGH | PD5/ANS 
vO LINE PA4 rey se i PDG/ANG 
PAS REG. | REG. S | BOTAN 
oa 
PAB PROGRAM COUNTER 8. bk 
PA? p LOW pg, VRH 
VAL 
USER ROM STATIC RAM RDI 
4160: 8 176 x8 SCI SYSTEM SCLK 
TDO 
SELF-CHECK 
432 «8 +— Vop 


+ — VSS 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Features — continued 
e@ Serial Communications Interface (SCI) System 
8-Channel A/D Converter 
Watchdog System 
Self-Check Mode 
Power-Saving STOP and WAIT Modes 


Fully Static Operation 
Two Pulse-Length Modulation Systems (D/A) 
2-Channel Pulse Length Modulator 


Slow Mode Option Divides the Basic Clock Frequency by 16 
16-Bit Timer with Two Input Input Capture and Two Output Compare Functions 


e 
e 
e 
ry 
® Single 3.0- to 6.0-Volt Supply 
e 
e 
e 
e 
® 


SIGNAL DESCRIPTION 


The signal descriptions of the MCU. are discussed in 
the following paragraphs. 


Vpp AND Vss ; 
Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


iRO 


This pin is a programmable option that provides four 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. Note that the voltage 
level on this pin affects the mode of operation. 


OSC1, OSC2 


These pins provide control input for an on-chip clock. 


oscillator circuit. A crystal, a ceramic resonator, or an 
external signal connects to these pins providing a system 
clock. The oscillator frequency is two times the internal 
bus rate (or 32 times as a software option). 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 


Aceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


External Clack 


An external clock should be ied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(d). 


INPUT CAPTURE (TCAP1) 


This pin controls the input capture 1 feature for the on- 
chip programmable timer. Note that the voltage eS on 
this pin affects the mode of Sree 


INPUT CAPTURE (TCAP2) | 


This pin controls the input capture 2 feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP1) 


This pin provides an output for the output compare 1 
feature of the on-chip timer. 


‘OUTPUT COMPARE (TCMP2) 


This pin provides an output for the output compare 2 
feature on the on-chip timer. 


RESET 

This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. The volt-. 
age level on this pin affects the mode of operation (see 





.. Table 2, Mode of Operation Selection). 


INPUT/OUTPUT PORTS (PA7-PA0, PB7-PB0, PC7—PCO0) 


These. 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the. data direction 
registers. Refer to PROGRAMMING for additional inlay 
mation. 


FIXED INPUT PORT (PDO/ANO-PD7/AN7) . 


These eight lines comprise port D, a fixed input port. 
If the A/D function is enabled, it affects this port. Port D 
accepts the eight analog inputs when the A/D is enabled. 
Port D can be used for digital input during a conversion 
sequence; but this may inject noise on the analog signals, 
reducing the conversion accuracy. Also, a digital read of 
port D with levels other than Vpp or Vsg on the pins 
results in greater power dissipation during the read cycle. 
Refer to PROGRAMMING for additional information. 


NOTE 


In the 48-pin dual-in-line package, the fixed input 
port.(D) of the MC68HC05B4 is reduced to six pins 
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(a) Crystal/Ceramic Resonator Parameters 
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(b) Crystal/Ceramic Resonator 
Oscillator Connections 
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(c) Equivalent Crystal Circuit 


UNCONNECTED 


EXTERNAL CLOCK 


(d) External Clock Source Connections 


’ Figure 1. Oscillator Connections 


({PD5-PDO, AN5-ANO). This change has.no effect on 
either programming or Qpsration of port D or the 
A/D converter. 


PLMA 


This pin is the output of the pulse-length modulation 
converter A. See PULSE-LENGTH D/A CONVERTERS for 
further informatian. 


PLMB 


This pin is the Suteub of the sales levigih modulation 
converter B. See PULSE-LENGTH D/A CONVERTERS for 
further. information. 


RDI (Receive Data in) 


This pin is the ‘input of the SCI receiver. See Serial 


Communications Interface for more information. 


TDO (Transmit.Data Out) 
This pin is.the output.of the SCI transmitter. See Serial 
Communications Interface for more information. 


SCLK 

This. pin is the clock output pin of the SCI transmitter. 
See Serial Communications Interface for more infor- 
mation. 


VRH 
This pin is the positive reference voltage for the Aj D 
converter. 


VRL 
This pin is the negative reference voltage for the AD 
converter. : 


INPUT/OUTPUT PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 
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INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin’ due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 2 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions: ~ 


Table 1. /O Pin Functions 





R/iw* | DDR 


0 0 lhe ne) pin is in input mode. Data is writ- 
ten into the output data latch. 


‘VO Pin Functions | 








Ke —+- 


0 1 | Data is written into the output data latch 
and output to the I'O pin. 
1 0 The state of the |’'O pin is read. 
SS ee ooo 


Peed 











The I’0 pin is in an output mode. The out- 
put data.latch is read. 





*R W is an internal signal. 


Under software control, the PC2 pin can become the 
CPU clock output. If this option-is selected, the corre- 
.sponding DDR bit is automatically set, and bit 2 of port 
C always reads the output data latch. The other port C 
pins are not affected by this feature. 





DATA DIRECTION 
REGISTER 
BIT 


~ LATCHED | 
INTERNAL OUTPUT DATA 
MCU ~_BIT 
CONNECTIONS 


E Clock Control Register (CTL/ECLK) $07 

7 6 5 4 3 2 1 0 
[9 [oo |_0 | 9 [ecux | 0 | 0 | 0 | 
RESET: . 

0 0 0 0 0  O 0 0 








- ECLK — ECLK Control 


1=1/0 port function of PC2 is forced to output mode, 
and PC2 outputs the ECLK CPU clock. 
0=PC2 functions as a regular I/O pin. 


FIXED INPUT PORT PROGRAMMING 


- Port D is a fixed input port that monitors the external 
pins whenever the A/D is disabled. After reset, all the bits 
become digital inputs because all special function drivers 
are disabled. Port D is always a digital input, whether the 
A/D is on or off. 


NOTE 


Any unused inputs and {/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


SERIAL PORT (SCI) PROGRAMMING 


The SCI uses two or three pins for its functions: RDI 
for its receive data input, TDO for its transmit data output, 
and SCLK to output the transmitter clock, if needed. 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 


- ory and I/O registers, as shown in Figure 3. The locations 


consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FFO to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 






Figure 2. Typical Port W/O Circuit 
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192 BYTES - 
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A/D CONVERTER =” 
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PLM SYSTEM 
2 BYTES 
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COMMUNICATIONS 






PF puise vera woouarions | 


$00 ~ 
$01 
$02 
$03 
$04 
$05 
$06 
$07 
$08 
$09 
$A 
$08 
soc 
$oD 
$0E 
$OF 
$10 
$11 
$12 
$13 
$14 
$15 
$16 
$17 
$18 
$19 
SIA 
$1B 
sic 
$ID 
SIE 
SIF 































































SCi CONTROL REGISTER 1 
SCI CONTROL REGISTER 2 
SCI STATUS REGISTER 


[caorune vow nesisren + 
[Acree couvTen Low nEsisTen] 
7 crrtune tow neastere | 
[—cowrane wow resister] 


Figure 3. Memory Map 


during. pulls. Refer to INTERRUPTS for additional infor- 
mation. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 
The MCU contains the registers described in the fol- 


lowing paragraphs. 
ACCUMULATOR (A) 


The accumulator is a general-purpose 8-bit register used 
to hoid operands and results of arithmetic calculations - 
or data manipulations. 


7 0 


INDEX REGISTER (X) 


The index register is.an 8-bit register used for. the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 


PROGRAM COUNTER (PC) 
The program counter is a 13-bit register that contains 
the address of the next instruction. to be executed. 


12 2 ee 0 
| 
STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 


the stack pointer is set to location $00FF. The stack pointer 
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is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memary, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to’ pro- 
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 


12 7 0 
fofojojojojijif se 


CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four bits are used 
to indicate the results:of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


noono 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 
When this bit is set, the timer and external interrupt is 


masked (disabled). If an interrupt occurs while this bit is ~ -- 
set, the interrupt is latched and processed as soon as the - 


interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero ({Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out . 


of the arithmetic logical. unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 


SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Table 2 shows how self- 
check mode is entered. Self-check is performed using the 


circuit shown in Figure 4. Port C pins.PC3—-PCO are mon- - 


itored for the self-check results. After reset, the following 
tests are performed automatically: 


(0 — Exercise of ports A, B, C, and D 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks ICF1, 
ICF2, OCF1, OCF2, and TOV flag 
Interrupts — Tests external, timer, and SCI interrupts 
SCl — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
’ A/D — Checks A/D on internal channels: VRL, VRH. 
and (VaL+VRH)/2 
PLM — Checks basic PLM function 
Watchdog System — Checks watchdog function 
Self-check results (using the LEDs as monitors) are 
shown in Table 3. The following subroutines are available 
to the user and do not require any external hardware. 


Table 2. Mode of Operation Selection 


[RESET Pin | TRG Pin | TOAPLPin | Modo] 
PJ [esto vpp | vss t0 pp | Nomar _| 
Ps | +9vors | vop | ser-cheok _| 
[ves] ¥5s to Vpp | ¥sg to pp | Reset Conan | 


Table 3. Self-Check Results 








Remarks 






































Bad Watchdog 


1 
Flashing Good Device 
All Others Bad Device, Bad Port, etc. 


0 indicates LED is on; 1 indicates LED is off. 











RAM CHECK SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The stack 
pointer must be set to $FF. The RAM check subroutine is 
called at location $021E. A counter test is done on each 
location from address $50 to $FD. Each location is made 
to count from $00 to $00 again. Locations $FE and $FF 
are assumed to contain the return address. Upon return 
to the user’s program, if the test passed, X = $00, A= $00, 
and RAM locations $0050 and $00FD contain $01. 


NOTE 


The watchdog system is turned on when calling this 
subroutine. 
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NOTE: Pin numbers are valid for 52-pin PLCC package only. 


Figure 4. Self-Check Circuit Schematic Diagram * 
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A/D CONVERTER CHECK SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The subrou- 
tine is called at location $1FAA with X = $00 and A/D STAT/ 
CTRL (address $09) =$20 (ADON=1 for more than 100 
ws and channel PDO selected). Conversion is. done on 
three of the internal channels: VRH, VRL, and (VAL + VRH)/ 
2. The result of these conversions is verified at +1 LSB. 
Upon return to the user’s program; if the test passed, 
X = $09, A=$00 or $01. 


ROM CHECKSUM SUBROUTINE 


‘This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine i is called at location $0232 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
if the test passed, X=0, A=0. 


NOTE 


The A/D and the watchdog system are turned. on 
when calling this subroutine:: 


"RESETS 


The MCU can 6 reset two ways: by initial power-up 
(POR) and by the external reset input (RESET). The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 








POWER- ON RESET (POR) 


An internal reset is generated on power-up ‘to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a delay (tpORL) after the oscillator becomes ac- 
tive. If the RESET pin is low at the end of tpoRL the MCU 
will remain in.the reset condition until! RESET goes high. 
A mask option. allows tpORL to be either 16 or 4064 in- 
ternal processor clock cycles (tcyc). 


EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (teyc). 





Miscellaneous Register (0C) 
7 6 5 4 3 2 1 0 





por | iNTP | INTN | INTE | SFA | SFB | Sm | WDOG 
RESET: 
U 0 0 1 0 0 0 0 


POR — Power-On Reset 
1=The reset occurring is a power- on, not external, 
reset 
0 = Power-on reset not in progress 


INTP —-External Interrupt. Positive 
Allows a choice, of IRO sppeiiviy: with INTN. See 
Table 4. 
INTN — External Interrupt ot Negative . 
Allows.a choice of IRQ: sensitivity, with INTP. Se 
Table 4. 
INTE — External Interrupt Enable 
Allows the user to enable or disable the eternal in- 
terrupt function 
SFA — Slow/Fast Selection for PLMA 
. 1=Slow speed used for PLMA (4096 times the timer 
clock period) . 
0=Fast speed used for PLMA (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS 
SFB — Slow/Fast Selection for PLMB 
1=Slow speed used for PLMB (4096 times the timer 
clock period) 
0=Fast speed used for PLMB (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS 
SM — Slow Mode ans 
1= System runs at 1/16th the normal clock rate (fose! 
32) 
0=System runs at normal clock rate (fose/2) 
WDOG — Watchdog Counter System 
1=Watchdog counter system enabled - 
‘0=Watchdog counter system disabled 


NOTE 


The reset generated by the watchdog timer is-a 
_ system reset; thus, the watchdog is disabled after 
a watchdog reset. 


Table 4. External Interrupt Options 





INTP INTN External Interrupt Options 













0 0 Negative Edge and Low-Level Sensitive 

0 1 Negative Edge Only 

1 0 Positive Edge Only 

1 1 Positive and Negative Edge Sensitive 
Slow Mode 


The slow mode function is controlled by the SM bit in 
the miscellaneous register (OC). In slow mode (SM=1), 
an extra divide-by-sixteen circuit is added between the 
oscillator and the internal clock driver. This slows all func- 


- tions by'a factor of 16 (including SCI, A/D, and timer), 


which is particularly useful in WAIT mode. SM is cleared 
by.external or power-on reset and by STOP mode. 


_ NOTE — 


If slow mode is enabled while using the A/D, the 
internal A/D RC oscillator should be turned on. 


_ Watchdog System 


- :The watchdog counter is driven by the 1024 prescaler 
in the timer and, unless the counter is reset, generates a 
system reset when it reaches its maximum count 
(1024 x 8). 
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A mask option is available that provides two methods 
of enabling the watchdog timer.-In the first option, the 
watchdog system is controlled by the WDOG bit in the 
miscellaneous register (OC).-Writing a one to the-bit starts 
the watchdog or, if it is already started, resets the counter 
to zero. Writing a zero has no effect; the WDOG bit can 
only be cleared by external or power-on reset. In the 
second option, the watchdog timer is always enabled 
following reset. 

A second mask option determines the watchdog timer 
function during WAIT. The watchdog timer can remain 
active during WAIT, and can cause a reset if the device 
remains in WAIT longer than the watchdog timeout pe- 
riod. Alternatively, the watchdog timer suspends oper- 
ation during WAIT and resets its count, resuming normal 
operation following reset. 


INTERRUPTS © 


The MCU can be interrupted four different ways: the 
three maskable hardware interrupts (IRQ, SCI, and timer) 
and the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
onthe stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and.normal 
processing to resume. The egeninig order is shown in 
Figure 5. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 
The current instruction is the one already fetched 
and being operated on. 





When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next’ instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 







INCREASING MEMORY T 
ADDRESSES _ U 


UNSTACK ° 


Pr[ TTT] cowomnion cove nesisreR 
pofojof PCH 


Refer to Figure 6 for the reset and interrupt-instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control fegistet SCH: 
Refer to TIMER for more information. 


EXTERNAL INTERRUPT 


If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized. and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt_with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and SIFFB. 

Four options are available for interrupt triggering sen- 
sitivity: 

e Negative edge and low level 

e Negative edge only 

e@ Positive edge only 

e Positive and negative edge 
See Miscellaneous Register (OC) for further information. 

Figure 7 shows a mode timing diagram for the interrupt 
line. The timing diagram shows two treatments of the 
interrupt line to the processor. The first method shows a 
single pulse on the interrupt line spaced far enough apart 
to be serviced. The minimum time between, pulses isa 
function of the length of the interrupt.service. Once a 
pulse occurs, the next pulse should not occur.until an RTI 
occurs. This time (tL {L) is obtained by adding 21 instruc- 
tion cycles to the total number of cycles it.takes to com- 
plete the service routine (not including the RTI instruction). 
The second method shows many interrupt lines ‘‘wire- 
ORed” to form the interrupts at the processor. If the in- 
terrupt line remains low after servicing an interrupt, then. 
the next interrupt is recognized. ~ 


‘NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 


g STACK 






DECREASING MEMORY 
ADDRESSES 






AvoeowwmMaASlZ— 


NOTE: Since the Stack Pointer decrements during pushes, the 
- . PCL-is' stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 


Figure 5. Interrupt Stacking Order 
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Figure 6. Reset and Int 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the ! bit 
is zero, SWi executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 
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STACK 
PC, X, A, CC 





LOAD PC FROM: 
SWI: $1FFC-$1FFD 
SWI: $1FFA-$1FFB 
TIMER: $1FF8-$1FF9 
SCI: $1FFO-S1FF7 


“COMPLETE 
INTERRUPT 
ROUTINE 
AND EXECUTE 

AT] 








errupt Processing Flowchart 


SCI INTERRUPTS 


An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
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Edge-Sensitive Trigger Condition 
The minimum pulse width (tL |) is either 


1Ra —| K— tiLIH | | 125 ns (Vpp=5 V) or 250 ns (Vpp=3 V). 
The period ty_j, should not be less than 


FRO) eH} nf 
e 


e 
TROn | 
IRQ | | 
(MCU) 


the number of teyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
teyc cycles. 


Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is rec- 
ognized. 


NORMALLY 
USED WITH 
WIRE-ORed 
CONNECTION 


Figure 7. External Interrupt Mode Diagram 


examining the interrupt flags and status bits in the SCI 
status register. 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and A/D operation (refer to Figure 8). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 


Watchdog during STOP Mode of 
‘The STOP instruction is inhibited when the watchdog 
system is enabled. If a STOP instruction is executed while 


the watchdog is enabled, a reset occurs that resets the 
entire MCU. : ‘ 






STOP OSCILLATOR 
AND ALL CLOCKS 


CLEAR | BIT 









EXTERNAL 
INTERRUPT 
(iRQ) 


TURN ON OSCILLATOR 
WAIT FOR TIME 
DELAY TO STABILIZE 


(1) FETCH RESET. VECTOR OR. 
(2) SERVICE INTERRUPT 

A. STACK 

B.SETIBIT ©: 

C. VECTOR TO INTERRUPT 
ROUTINE 







Figure 8. STOP Function Flowchart 
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PLM during STOP Mode 


When the MCU enters stop mode, the PLM outputs 
remain at their particular level. If power-on or external 
reset causes the exit from stop mode, the register values 
are forced to $00. 


A/D Converter during STOP Mode 


When stop mode is entered with the A/D converter 


turned on, the A/D clocks are stopped and the A/D con- 


verter is disabled'for the duration of stop mode, including. 


the tpORL startup time. If the A/D RC oscillator is used, 
it will also be disabled. 

When leaving STOP mode, after the tpORL startup time, 
the A/D converter and A/D RC oscillator resume regular 
operation. However, a time taDON is required for the 
current sources to stabilize. During taDON, A/D conver- 
sion results may be inaccurate. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action and the 
watchdog system are suspended, but the timer, SCI, PLM, 
and A/D remain active (refer to Figure 9). An interrupt 
from the timer, SCI, or an IRQ can cause the MCU to exit 
the WAIT mode. . 

During the WAIT mode, the | bit in waite CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may-be enabled to allow a periodic exit. from the WAIT 
mode. 

To achieve proper operation and reduce power con- 
sumption, the following points should be set as desired 
before entering wait mode: 


@ Timer interrupt enable bits 
@ A/D control bits 
@ SCI enable bits and interrupt enable bits 


TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements of two input signals while si- 
multaneously generating two output waveforms. Pulse 


widths can vary from several microseconds to many sec-"" «...- 


onds. The programmable timer works in conjunction with 
the PLM system to execute two 8-bit D/A PLM conver- 
sions, with a choice of two repetition rates. Refer to.Figure 
10 for a timer block-diagram. 

Because the.timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented.by two 
registers. These registers contain the high and low. byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function ent the low byte is also ac- 
cessed. : . 
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TIMER, SCI, AND A/D 
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PROCESSOR CLOCKS STOPPED 












EXTERNAL 
INTERRUPT 
(IRQ) 





TIMER 
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RESTART 
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(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

A. STACK 
- B. SET | BIT 

C. VECTOR TO INTERRUPT J. 
ROUTINE 


Figure 9. WAIT Function Flowchart 


NOTE 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that'an interrupt does 
not occur. 


COUNTER 


‘The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives. the timer a resolution of 2.0 
microseconds. if the internal bus clock is 2.0 MHz. The 
counter:is incremented during the low portion of the.in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running, counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1B (counter alternate: register). A read from only 
the least significant byte (LSB) of the free-running. counter 
($19, $1B) receives the count value at the time of the read. 
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Figure 10.:Timer Block Diagram 


If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence’‘of the total counter value. In 
reading either the free-running'counter or counter alter- 
nate register, if the MSB is read, the ed must also be 
read to complete the sequence. 


The counter alternate register differs from the counter 
register in one respéct: a read of the counter register LSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts aus 
to clearing of the TOF. ~ 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
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by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


NOTE 


Since the PLM system uses the timer counter, PLM 
results will be affected when resetting this counter. 


OUTPUT COMPARE REGISTERS - 


There are two output compare registers: output com- 
pare register 1 (OCR1) and output compare register 2 
(OCR2). The output compare registers can be used for 
several purposes, such as controlling an output wave- 
form or indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the four bytes of the output compas registers 
can be used as storage locations. 


NOTE 


The same output compare interrupt enable bit is 
used for the two output compares. 


Output Compare Register 1 - 


The output compare register 1 (OCR1) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 
$16 (most significant byte) and $17 (least significant byte). 

The output compare register contents are continually 
compared with the contents of the free-running counter 
and, if a match is found, the corresponding output com- 
pare flag (OCF1, bit 6 of timer status register $13) is set, 
and the corresponding output level (OLVL1) bit is clocked 
to pin TCMP1. The output compare register values and 
the output level bit should be changed after each suc- 
cessful comparison to control an output waveform or 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare, provided the 
corresponding interrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare 
register 1 containing the most significant byte ($16), the 
output compare 1 function is inhibited until the least sig- 
nificant byte ($17) is also written. The user must write 
both bytes (locations) if the most significant byte is writ- 
ten first. A write made only to the least significant byte 
($17) will not inhibit the compare function. The free-run- 
ning counter is updated every four internal bus clock 
cycles. The minimum time required to update the output 
compare register 1 is a function of the program rather 
than the internal hardware. 

The processor can write to either byte of the output 
compare register 1 without affecting the other byte. The 
output level (OLVL1) bit is clocked to the corresponding 
output level régister and then to the TCMP1 pin, regard- 
less of whether the output compare flag (OCF1) is set or 
clear. 


Output Compare Register 2 


The output compare register 2 (OCR2) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 


$1E (most significant byte) and $1F (least significant byte). 
The function of OCR2 is identical to OCR1, requiring only 
changes of the register locations and control bits in the 
timer status register ($13) to make the OCR1 description 
apply to OCR2. 


SOFTWARE FORCE COMPARE 


The MCU provides a force compare capability to facil- 
itate fixed frequency generation as well as other appli- 
cations. Bit 3 (FOLV1 for OCR1) and bit 4 (FOLV2 for OCR2) 
in the timer control register ($12) implement this force 
compare. Writing a one to these bits causes the OLVL1 
or OLVL2 values to be copied to the respective output 
registers (TCMP1 or TCMP2 pins). Internal logic allows a 
single instruction to change OLVL1 and OLVL2 and cause 
a forced compare with the new values of OLVL1 and 
OLVL2. 


NOTE 


A software force compare, which affects the cor- 
responding output pin TCMP1 or TCMP2, does not 
affect the compare flag; thus, it does not generate 
an interrupt. 


INPUT CAPTURE REGISTERS 


There are two input capture registers: input capture 
register 1 (ICR1) and input capture register 2 (ICR2). 


NOTE 


The same input capture interrupt enable ‘bit (ICIE) 
is used for the two input capture registers. 


Input Capture Register 1 


Two 8-bit registers that make up the 16-bit input cap- 
ture register 1 (ICR1) are read-only and are used to latch 
the value of the free-running counter after the corre- 
sponding input capture edge detector senses a defined 
transition. The level transition that triggers the counter 
transfer is defined by the corresponding input edge bit 
(IEDG1). Reset does not affect.the contents of the input 
capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal-bus clock cycles. - 

The free-running counter contents are transferred to 
the input capture register.on each proper signal transi- 
tion, regardless of whether. the input capture flag (ICF1) 
is set or clear. The input capture register always contains 
the free-running counter value, which.corresponds to the 
most recent input capture. 

After a read of the input capture register 1 ($14) most 
significant byte, the counter transfer is inhibited until the 
least significant byte ($15) is also read. This characteristic 
causes the time used in the input capture software routine 
and its interaction with the main program to determine 
the minimum pulse period. 
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A read of the input capture register 1 least significant 
byte ($15) does not inhibit the free-running‘counter trans- 
fer since they occur on opposite edges of the internal bus 
clock. 


Input Capture Register 2 


The input capture register 2 (ICR2) is a 16- bit ayer 
that is composed of two 8-bit registers at locations $1C 
(most significant byte) and $1D (least significant byte). 
Input capture register 2 functions identically to input cap- 
ture register 1, except that only negative edge sensitivity 
is available. By substituting the appropriate bits in the 
timer status register ($13) and substituting register lo- 
cations, the ICR1 description applies to ICR2. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is an 8-bit read/write register, illustrated below 
with a definition of each bit: 


ar OCIE | TOIE cee THC? IEDG1 rane 


RESET: Bt a, 
0 0 0 0 0 0 ui 0 








iClE — Input Capture Interrupt Enable’ 
1=Interrupt enabled 
0=Interrupt disabled 


’ OCIE.— Output Compare Interrupt Enable 


1 =Interrupt enabled 
0=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
FOLV2 — Force Output Compare 2 
1 =Forces the OLVL2 bit to the eorresponding output 
latch 
0=No effect 
FOLV1' — Force Output Compare 1 


1=Forces the OLVL1-bit to the corresponding output 


latch 
0=No effect 
OLVL2 — Output Level 2 


1=The value of the output level 2 bit, which is copied 


to the output level latch by the next successful 
output compare 2, appears at TCMP2 
O=No effect 
iIEDG1 — Input Edge One 
Value of input edge’ determines which level transition 
on TCAP1 pin will trigger free-running counter transfer 
“to the input capture register. 
1=Positive edge 
0=Negative edge 
OLVL1 — Output Level One 
Value of output level, which is clocked into Buti level 
register by the next successful output compare 1, will 
appear on the TCMP pin. 
1=High output 
0=Low output 


TIMER STATUS REGISTER (TSR) $13 


The TSR isa read-only register containing three status 
flag bits. Bits 4-0 always read zero. 


| or] of] ae ICF2 Ter ie | Sys | 


RESET: 
uU uU uo U GQ ose eS 








ICF1 — Input Capture Flag One 
1 = Flag set when selected polarity edge is sensed by 
-Input capture edge detector 
0=Flag cleared when TSR and input capture 1 low 
register ($15) are accessed 
OCFi — Output Capture Flag One 
1=Flag set when output compare register contents 
match the free-running counter contents 
0 = Flag cleared when-TSR and output compare 1 low 
register ($17) are accessed 
TOF — Timer Overflow Flag | 
1 = Flag set when free-running counter transition from 
$FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
ICF2 — Input Capture Flag Two 
1 =Flag set when selected polarity edge is sensed by 
_ input capture 2 edge detector 
0=Flag cleared when TSR and input capture 2: low 
register ($1D) are accessed 
OCF2 — Output Capture Flag Two 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
register 2 ($1F) are accessed 
Bits 0-2 — Not Used 
Can read either zero or one. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds. 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs atthe TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags or wake up the MCU, but when 
the. MCU does wake up, there is an active input capture 
flag. and data from the first valid edge that occurred dur- 
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even ifa valid 
input capture edge occurred. 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 
A problem can occur when using the timer overflow func- 
tion and reading the free-running counter at random times 
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to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could-unintentionally be cleared if 1) the timer status 


register is read or written when TOF is set, and 2) the. 


least significant byte of the free-running counter is read 
but not for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer over- 
flow flag in the timer status register. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate prescaler. The 
terms baud ‘and bit rate are used synonymously in the 
following description. 


SC! TWO-WIRE SYSTEM FEATURES 


.@ Standard NRZ (mark/space) format 
@ Advanced error detection method includes noise e de- 
tection for noise duration of up to one- -sixteenth bit 
time 
@ Full-duplex operation (simultaneous transmit and re- 
_ ceive) 
e@ Software. programmabie for one of 32 different baud 
rates 
@ Different baud rates possible for transmit and receive 
e Software-selectable word length (eight- or nine-bit 
words) 
@ Separate transmitter and receiver enable bits 
- SCI may be interrupt.driven 
® Four separate interrupt conditions 


sc 


RECEIVER FEATURES 


Receiver wake-up function (idle or address bit) 
Idle line detect 

Framing error detect 

Noise detect 

Overrun detect 

Receiver data register full flag 


IDLE LINE 


-anra)%® 


*Stop bit is always high. 


SCI TRANSMITTER FEATURES 


® Transmit data register empty flag. - 
® Transmit complete flag 
@ Break send 


Any SCI two-wire system requires receive data in (RD!) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI).and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 11. 


WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SC! receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idie string. between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit-of.a received character. | 


RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a-start bit, the receiver’ 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested: 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 


‘ CONTROL BIT “M” 
SELECTS 8 OR 9 BIT DATA 


ananPran 


- Figure 11. Data Format 
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each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 


artificially. The last bit received in the data shift register 


is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

if the. receiver detects that a break (RDRF=1, FE=1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 


SCI SYNCHRONOUS TRANSMISSION 


The SCI transmitter allows a one-way synchronous 
transmission, with the SCLK pin as the clock output. No 
clock is sent to the SCLK pin during the stop and start 
bits. The LCL bit (SSCR1) controls whether clocks are 
active during the last valid data bit (address mark). The 
CPOL bit selects clock polarity, and the CPHA bit selects 
the phase of the external clock. During idle, preamble, 
and send break, the external SCLK clock is not active. - 

These options allow the SCI to control serial periph- 
erals consisting of shift registers without losing any func- 
tion of the SCI transmitter. These options do not affect 


the SCI receiver, which is independent of the transmitter.. 


The SCLK pin works in conjunction with the TDO pin. 
When the SCi transmitter is disabled, the SCLK and the 
TDO pins assume.a high-impedance state. 


NOTE 


THE LBCL, CPOL and CPHA bits must be selected 
_ before the transmitter is enabled to ensure that the 

clocks function correctly. These bits should not be 

changed while the transmitter is enabled. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock (if the same baud rate is used for transmit and 
receive). 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 12. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 


register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates for the transmitter and re- 
ceiver. a 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift‘register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. . 


REGISTERS 


There are five registers used in the SCi; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 


Serial Communications Data Register (SCDAT) $11 


The SCDAT is a read/write register used to receive and 
transmit SCI data. 





a: ee 4 3 2 1 0 
sco7 | scb6 | Scps | scb4 | sco3 | scd2 | scd1 | scoo 
RESET: 
U U U U U U U U 


As shown in Figure 12, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
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provides the interface from the receive shift register to 
the internal data bus. 


Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length, select the wake-up method, and contro! the op- 
tions to output the transmitter clocks for synchronous 
transmissions. 


7 6 5 4 3 2 4 9 





| re | ie | — | m | wake} cpot | ceHa | LBcL 
RESET: . 
U Uo — ou U U U uU 


R8 — Receive Data Bit 8 : 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M=1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bitin mG 
Re data byte (if M=1). 
— SCI Character Word Length 
1=one start bit, nine data bits, one stop bit 
O=one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select - 
Wake bit selects the receiver wake-up method. 
1=Address bit (most significant bit) 





The CPOL bit should not be changed with the trans- 
mitter active. 


CPHA — Ciock Phase 
Selects the clock phase sent to the SCLK pin. 
1=SCLK line activated at the beginning of the data 
bit 
0=SCLK line activated in the middle of the data bit 
(see Figures 13 and 14) 


The CPHA bit should not be changed wi the 
transmitter active. 


LBCL — Last Bit Clock 


Selects whether the clock associated with the last data 
bit transmitted is output to the SCLK pin. 


1=Last.data bit output 
0=Last data bit not output 


» The last data bit is the eighth or ninth bit, depend- 
ing on whether an 8- or 9-bit format is used Bee 
Table 5). 


The LCBL bit should not be changed while the 
transmitter is enabled. 


Bit 5 — Not used. 
Can be either 1 or 0. 


Table 5. SCI Clock on SCLK Pin 






































0=Idle line condition Data aoe T ; Number of 
CPOL — Clock Polarity Format Bee fn A. eeu & 
Selects the clock polarity sent to the SCLK pin. [ epr 0 a _ 7 = 
1=Steady state high outside the transmission win- Es 8 Bi ; — ea a ; 
dow L : —t— ee coo 
0=Steady state low outside the transmission win- L A/a ae. fete 20 te a 
dow 9 Bit Sel 1 {hl 1 ale 9 
IDLE OR a M=088 DATA BIT ; ee IDLE OR 
PRECEDING fy { 
TRANSMISSION | | 
| 


CLOCK 


CLOCK 
(CPOL=0 CPHA=1) 
CLOCK 
(CPOL=1CPHA=0) |. ! — 


CLOCK \ 
(CPOL=1 CPHA=1) | | | | | 
| | 






I 
| NEXT TRANSMISSION 
, i 


Lae xp anes ener ananas 


START LSB 


MSB STOP 


: *LBCL Bit Controls Last Data Clock 


Figure 13. SCI Data Clock Timing Diagram (M=0) 
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IDLE OR START 
| 
PRECEDING 


TRANSMISSION | 


M=199 DATA BIT 


STOP —IDLE OR 
ma —_> 


| |. NEXT TRANSMISSION 


CLOCK | CLO LIT LLL LLL] ; od 
ye ane | | Pe Spe ree a z 


(CPOL=0 CPHA =1) | 


| 


! | 


(CPOL=1:CPHA =0) . 


| I 2 | | | \ 
CLOCK = 
~ | PUPHURUPET 


(CPOL=1 CPHA=1) | | | | | 


Zl 
DATA POMC DOOR NGT- 


START LSB 


MSB STOP 


- *LBCL Bit Sarasa Data Clock 


Figure 14. SCI Data CLock Timing Diagram (M=1) 


The address bit is dependent on both the wake-bit and. 


the M-bit level. Additionally, the receiver doés not use 
the wake- up feature unless the RWU control bit in 1 SCCR2 
is set. 





ae Receiver Wake-Up 


Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister. to fill and: produce an RDRF flag. 





Wake 
+ 
0 Xx 





Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
_jerror flags. 





Detection of a received one in the ninth data: 
bit allows an RDRF flag and associated error 


| fags. : | 

















Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, . receiver 
wake-up, and break code. 


1 de UB Te ee 2 1 0 
RESET: 


0 0 0 0 0 0 0 0 





TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled, provided FORE is set 
Q=TDRE interrupt disabled" 

TCIE — Transmit Complete Interrupt Eitable 
1= SCI interrupt enabled, provided TC is set. 
O=TC interrupt disabled 


RIE — Receive Interrupt Enable 
1=SCl interrupt enabled, provided OR or RDRF is set 
O0=RDRF and OR interrupts disabled 
ILIE — Idle Line Interrupt Enable 
1=SCl interrupt enabled, provided IDLE i is ‘set 
0=Idle interrupt disabled 
TE — Transmit Enable . 
1=Transmit shift register output is applied to the TDO 
line, and the corresponding clocks are applied to 
the SCLK pin. Depending upon the SCCR1 M bit, 
_ apreamble.of 10 (M=0) or 11(M=1) consecutive 
ones Is transmitted. ; 
0=Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a Blah impedance 
line. ; 
RE — Receive Enable 
1 =Receiver shift register ‘DUE is abled to the RDI 
line. 
0=Receiver disabled and RDRF, IDLE, ‘OR, NF, and 
FE status bits are inhibited. 


Le he — Receiver Wake-Up — 


‘= Places receiver in sleep mode and enables wake- 
up function 

0=Wake-up function disabled after receiving data 
word with MSB set (if WAKE = 1): 
Wake-up function also disabled after.receiving 10 
~..(M=0) or 11(M = 1) consecutive ones (if WARE 0) 

SBK — Send Break 

1=Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high ot for rec- 
ognition of valid start bit.. 

0=Transmitter sends 10 (M=0) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
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data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the. shift register, and the 
second is queued into the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 


7 6 5 4 3 2 ] 0 
[tore | re | none | roe | on | we | re | — | 


RESET: 
1 1 0 0 0 0° 0 — 


TDRE — Transmit Data Register (TDR) Empty 


1= TDR contents transferred to the transmit data shift _ 


register 

0=TDR still contains data. TDRE is cleared by reading 
the SCSR, followed by a write to the TDR. , 

TC — Transmit Complete 

1=Indicates end of data frame, preamble, or break 
condition has occurred if: 
1. TE=1, TDRE=1, and no pending data, pream- 

ble or break is to be transmitted; or 

2. TE=0 and the data preamble or break (in the 
transmit shift register) has been transmitted. 


0=TC bit cleared by reading the SCSR, followed BY, 


a write to the TDR - 
The TC bit is a status register that indicates one of 
the above conditions has occurred. It does ner in- 
hibit the transmitter in any way. 
RDRF — Receive Data Register’ (RDR) Full 
1= Receive data shift register contents transferred to 
the RDR 
0=Receive data shift register transfer did not occur. 
RDRF is cleared by reading the Scot followed 
by a read of the RDR 
IDLE — Idle Line Detect 
A ae receiver has detected an idle line 
=IDLE is cleared by reading the SCSR, followed by 
a read of the RDR. Once IDLE is cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 
OR — Overrun Error 
1= Indicates receive data shift register data is ready 
to be sent to a full RDR (RDRF=1). Data causing 
the overrun is lost, and RDR data.is not disturbed. 
0=OR is cleared by reading the SCSR, followed by 
a read of the RDR... 
NF — Noise Flag 
is =Indicates noise is present on the 1 receive bits, in- 
‘+ cluding the start and stop bits. NF i is not set until 
RDRF = 1. 
O=NF is cleared by reading the SCSR, followed by 
-a read of the RDR. 
FE. — Framing. Error 
1=Indicates stop bit not detecied in received data 
character. FE ‘is set the same time -RDRF is set. If 
- received byte causes both framing and overrun 


errors, processor will only recognize the overrun 
error. Further data transfer into the. RDR is inhib- 
ited until FE is cleared. 
0=FE is cleared by reading the SCSR, followed by a 
read of the RDR. 
Bit O — Not used 
Can read either one or zero 


Baud Rate Register $0p 


The baud rate register selects the SCI transmitter and 
receiver baud rate. Fhe SCPO and SCP1 prescaler bits are 
used in conjunction with the SCR2-SCRO bits to generate 
the receiver baud rate and in conjunction with the 


’ SCT2-SCTO .baud rate bits to generate the transmitter 


baud rate. 
Tables 6 and 7 tabulate the divide chain used to obtain 


_the baud rate clock (transmit or receive clock). The actual 


divider chain is controlled by the combined SCP1-—SCP0 
and SCR2-SCRO or SCT2-SCRO bits in the baud rate reg- 
ister. The divided frequencies shown in Table 6 represent 
the final baud rate that results from prescaler clock di- 
vision only (SCR or SCT bits all zero). Table 7 lists the 
prescaler output frequency divided by the action of the 
SCR or SCT bits. 

For example, assume that a 9600-Hz baud rate is de- 
sired from a 2.4576-MHz system clock crytal. The pres- 
caler bits could be set for either a divide-by-one or divide- 
by-four. If a divide-by-four prescaler is used, then the SCR 
and SCT bits must be set for divide-by-two. The same 
result, using the same crystal frequency, can be obtained 
with a prescaler divide-by-one and SCR and SCT bit di- 
vide-by-eight. 


7 6 5 4 3 2 1 0 
[ scr1 scro | ser2. | scri [ sero | scra | scri | scro | 


RESET: 
0 0  U U U U U u 








SCP1-SCPO — SCI Prescaler Bit 1: and 0 
‘These two prescaler bits are used to increase the 
range of standard baud rates controlled by the 
SCT2-SCTO and SCR2-SCRO bits. Prescaler internal 
processor clock division versus bit levels are shown 
in Table 6. : 

SCT2-SCTO — SCI Transmit Baud Rate Selection Bits — 
These three bits, taken in conjunction with bits 
SCP1-—SCPO0, are used to select the SCI transmit baud 
rate. Baud rates versus bit levels are listed in Table 
7. 

SCR2-SCRO — SCI Recieve Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1~-SCP0, are used to select the SCI receive baud 

rate. Baud rates versus bit levels are listed in Table 

7. 


Load Program in RAM and Execute 


This function is entered if the following conditions are 
met when reset is released: 
IRQ is at Vpp + 4 V for at least two machine cycles after 
reset 
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Table 6. Prescaler Highest Baud Rate Frequency Output 

















SCP Bit Clock* Crystal Frequency MHz 

1 0 Divided By 4.194304 4.0 2.4576 2.0 1.8432 

0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 

0 1 3 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 

1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
1 1 13 "10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz 





*Refers to the internal processor clock. 


NOTE: The divided frequencies shown in Table 6 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 


Table 7. Transmit Baud Rate Output for a Given Prescaler Output 















































| SCR’T Bits Divided Representative Highest Prescaler Baud Rate Output 
2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz | 19.20 kHz * 9600 Hz 
meena g ay | 7 7 
0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
0 0 1 2 ‘65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 j 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
0 1 1 8 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
1 0 1 32 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 0 64 2.048 kHz 512 Hz 1200 Hz . 300 Hz 150 Hz 
1 1 1 128 1.024 kHz 256 Hz 600 Hz | 150 Hz 75 Hz 
el i. | Rae L. L 
NOTE: Table 7 illustrates how the SCi select bits can be used to provide lower transmitter or receiver baud rates by further dividing 
the prescaler output frequency. The five examples.are only representative samples. In all cases, the baud rates shown are 


transmit baud rates (transmit clock}, and the receive clock is 16 times higher in frequency than the actual baud rate. 


TCAP1 is at Vpp for at least two machine cycles after 

reset Lege @ Se 
PD3 is at Vpp for at least 30 machine cycles after reset 
PD4 is at VS for at least 30 machine cycles after reset 
User programs are loaded into RAM using the SCI port 


and then executed. Data is loaded sequentially, starting _ . 


at RAM location $50, until the last byte is loaded. Program 
control is then transferred to the RAM progam starting 
at location $51. The first byte loaded is the count of the 
number of bytes in the program plus the count byte. The 
program starts at the second byte in the RAM. During 
firmware initialization, the SCI is configured for’the NRZ 
format (idle line, eight data bits, and stop bit). The baud 
rate is 9600 with a 4-MHz crystal. Figure 15 shows a sche- 
matic for the load program in RAM and execute function. 

Immediate execution can be avoided by setting the 
byte count to a value greater than the length of data 
loaded, which causes the firmware to wait for additional 
data after loading is complete. Resetting the MCU then 
allows entering any routine without disturbing the RAM 
data that was loaded. 


Jump to Any Address 


This function is entered if the following conditions are 
met when reset is released: 
IRO is at Vpp + 4 V for at least two machine cycles after 


PD3 is at Vpp for at least 30 machine cycles after reset 

PD4 is at Vpp for at least 30 machine cycles.after reset 

To execute the jump to any address function, port A 
data input should be $CC, and port B and C should be 
the MSB and_LSB, respectively, of the address desired 
for the jump. Figure 16 shows.a schematic for the jump 
function. , 


PULSE-LENGTH D/A CONVERTERS 


The pulse-length D/A converter (PLM) works in con- 
junction with the timer to execute two 8-bit conversions 
with a choice of two repetition rates. The outputs are 
pulse-length modulated signals whose duty-cycle ratio 
may be modified. These signals can be used directly as 
PLMS, or the filtered average values can be used as gen- 
eral-purpose analog outputs. 

Registers PLMA and PLMB contain the pulse-length 
values for the two PLMs. A value of $00 results in a con- 
tinuously low output from the D/A. A value of $80 results 
in a 50-percent duty-cycle output, and a value of $FF gives 
an output that is a logic 1 for 255/256 of the cycle. When 
the MCU writes to the PLMA or PLMB register, the D/A 
picks up the new value at the end of a complete conver- 
sion cycle so that a monotonic change in the dc com- 


reset ponent of the output results. This monotonic change 
TCAPi is at Vpp for at least two machine cycles after avoids overshoots or vicious starts (a vicious start is an 
reset output that gives totally erroneous output during the first 
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NOTE: Pin numbers are valid for 52-pin PLCC package only. 


' "Figure 15. Load Program in RAM and Execute Diagram 
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NOTE: Pin numbers are valid for.52-Pin PLCC Package only. 


Figure 16. Jump to Any Address Diagram 


MOTOROLA MICROPROCESSOR DATA 
3-735 


MC68HC05B4 


cycle following an update of the registers). WAIT mode Misceflaneous (0C) 
does not affect the output waveform of the D/A convert- 


ag See ea tess 











. NOTE 
Since the PLM system uses the timer counter, PLM RESET: 
results will be affected while resetting the timer 0 0 = i 
counter. 
Figure 17 shows a block diagram of the PLM system. SFA — Slow/Fast Control for PLMA Clock 


1=Slow speed of PLMA used (4096 times the timer 
2 clock period) . 
PLMA (0A) ae: 0=Fast speed of PLMA used (256 times the timer 
7 5 5 4 3 2 1 0 clock period) 
SFB — Slow/Fast Control for PLMB Clock 
ee oe ene: 


clock period) 


RESET: 0=Fast speed of PLMB used (256 times the timer 
0 0 0 0 0 0 0 0 clock period) 
PLMB (0B) | | : pads 


0 The highest speed of the PLM system corresponds 


7 6 5 4 3 2 1 
3 [pume7 | pumas | pumes | PLMB6 | PLMB5 | PLMB4 | PLMB3 | PLMB2 pumas | puma | to the frequency of the TOF bit being set, multiplied 


by 256. The slowest speed of the PLM system cor- 
RESET: 
0 





responds to the frequency of the TOF bit being set, 
0 0 0 0 0 0 0 multipled by 16. 





DATA BUS 






PLMA R R sil PLMB 
D/A LATCH LATCH D/A 
PIN : S$. mb PIN 


ZERO 
DETECTOR 
FSA A ae, : ee FSB 
BIT MULTIPLEXER MULTIPLEXER BIT 


TIMER BUS 
FROM TIMER 


Figure 17. PLM Block Diagram 
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The SFA and SFB bits are not double buffered; there- 
fore, these bits must be selected’ before writing to either 
PLM register to avoid temporary wrong values from the 
PLM outputs. Figure 18 shows.some examples of the PLM 
output waveforms. 


A/D CONVERTER 


The A/D converter system consists of an 8-bit succes- 
sive approximation converter and a 16-channel multi- 
plexer. Eight of the channels are available for output, and 
the other eight channels are dedicated to internal test 
functions. There is one 8-bit result data register (address 
$08) and one 8-bit status/control register (address $09). 


NOTE 
In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HC05B4 is. reduced to. six .pins 
(PD5-PD0O, AN5-ANO). This change has not effect 
on either programming or operating of port Dor. 
the A/D converter. 


The reference supply for the converter uses dedicated 
input pins instead of the power supply lines, because 
drops caused by loading in the power supply lines would 
degrade the accuracy of the A/D conversion. An internal 
RC oscillator is available if the bus speed is low enough 
to degrade the A/D accuracy. An ADON bit allows the A/ 
D to be switched off to reduce power consumption, which 
is particularly useful in the WAIT mode. 

For ratiometric conversions, the source of each analog 
input should use VRH as the supply voltage and be ref- 
erenced to Vp,. An input voltage greater than or equal 
to VRH converts as $FF (full scale) with’no overflow in- 
dication. An input voltage equal to Vp, converts as $00. 
The conversion is monotonic with no missing codes. 


A/D STATUS/CONTROL REGISTER ($09) 











7 6 5 4 ge 2 1 0 
coco | ApRC | ADON | 0 | cH3 [_ cue i cHt | - CHO 
RESET: 

0 0 0 0 i og 0 0 


COCO — Conversion Complete 
1=Conversion is complete; a new result can be read 
from the result data register ($08). 
0=No conversion since last reset 
ADRC — A/D RC Oscillator Control 
1=A/D uses RC clock 
0=A/D uses CPU clock 
When the RC oscillator is turned on, it requires a 
time tadrc to stabilize, and results can be inaccur- 
ate during this time. 
ADON — A/D On 
1=A/D enabled 
0=A/D disabled 
When the A/D is turned on, it requires a time tADON 
for the current sources to stabilize, and results can 
be inaccurate during this time. 
CH3-CHO — Channel 3 through Channel 0 
These bits select the A/D channel assignment (see 
Table 8). ee 


NOTE 


Using one or more pins of PD7/AN7-PDO/ANO. as 
analog inputs does not affect the ability to use port 
D inputs as digital inputs. However, using port D 
for digital inputs during an analog conversion se- 
quence may inject noise on the analog inputs and 
reduce the accuracy of the A/D result. 

Performing a digital read of port D with levels 
other than Vpp or Vsg on the inputs causes greater 
than normal power dissipation during the read and 
may give erroneous results. 


INSTRUCTION SET 


The MCU instruction set can be divided into five dif- 
ferent types: register/memory, read-modify-write, branch, 
bit manipulation, and control. The following paragraphs 
briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 





128 T | 





T= 4CPU Clocks Fast Mode | 
-T=64 CPU Clocks Slow Mode 


Figure 18. PLM Output Waveform Examples 
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Table 8. A/D Channel: eran) 


| ioe a ee ea| Ge 








































0 0° JANO, Port D Bit 0 
0 1 JAN, Port D Bit 1 
0 0 |AN2, Port D Bit 2- 
0 1 JAN3, Port D Bit3 — 
0 1 0 0 {AN4, Port D Bit 4 
0 1 0 1 JAN5, Port D Bit 5 
0 1 1 0 |ANG, Port D Bit 6 
0 1 1 } 1 |AN7, Port D Bit 7 
7 : 

1 a | 0 0 |VRH Pin (High) 
1 0 0 1 (VR) +{VRL))/2 
1 o | 1 0 |Vet Pin (Low) 

L 1 Of 1 | 1 [Rt Pin (Low) 
1 Te 0. IVRi Pin (Low) 
1 1 ‘IVa Pin (Low) 
1 1 Vea Pin (Low) 
1 1 Vet Pin (Low) 











multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order: product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 





















: —-— 

i Operation X:AEdX~A 

Description Multiplies the eight bits in the index register 

| | by the eight bits in the accumulator to obtain 

| la 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition | H: Cleared ; | 

| Codes I: Not affected | 

|N: Not affected | 

Z: Not affected | 

ies _| C: Cleared ; _| 

| Source MUL 

promis) 

| fone Cycles is Bytes Si Opcode 

ie bs | ane 

: Inherent {| 11 [ 1 $42 . : 








REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- ' 


erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


























[ Function. __| Mnemonic 
Load A from Memory ; LDA 
= tT 
Load X from Memory ar . LDX 
Store A in Memory oo, ov “STA 
L | 
Store X in Memory STX 
Add Memory to A ADD 
x aa 
Add Memory and Carry toA ADC 


























































_ Function | _| Mnemonic 
Subtract Memory SUB _| 
Subtract Memory from A with Borrow ; Ais SBC .| 
AND Memory to A AND | 
OR Memory with A ae ORA 
Exclusive OR Memory with:A | EoR 
Arithmetic Compare A with Memory CMP 
Arithmetic Compare X with Memory -. CPX 
Bit Test Memory with A (Logical Compare) BIT a 
Jump Unconditional. . asiee JMP 
Jump to Subroutine - | JSR; | 





BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


——- 















































Function ‘ Mnemonic | 
Branch Always BRA 
Branch Never ses BRN 
Branch if Higher - ~ BHI 
Branch if Lower or Same BLS 
Branch if Carry Clear, BCC 
Branch if Higher or Same BHS" 
Branch if Carry Set BCS 
Branch if Lower Soa ‘ BLO 

t— 
Branch if Not Equal — | BNE. | 
Branch if Equal BEQ . 
ort | 
Branch if Half Carry Clear BHCC 
5 ra te 

Branch if Half Carry Set bs “BHCS _| 
Branch if Pius ; ; BPL 
Branch if Minus ~ BMI 
Branch if Interrupt Mask Bit is Clear [ BMC 
Branch if Interrupt’ Mask Bit is Set BMS 
Branch if Interrupt Line is Low BIL 
Branch if Interrupt Line is High ke BIH 
Branch to Subroutine BSR 








‘BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 


’-space where all port registers, port DDRs, timer, timer 


control, ROM, and on-chip RAM reside. An additional 
feature allows the’software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 


and bit test, and branch functions are all implemented 


‘with a single instruction. For test and branch instructions, 


: : : 
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the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 





ae — 


Function Mnemonic 





~ |BRSET n (n-0... 7) 
| BRCLR n(n=0...7) 
| BSET n (n=0...7) 
BCLR n (n=0...7) 


Branch if Bit 'n is Set 





Branch if Bit n is Clear 





Set Bit n 











Clear Bit n 


L —_——_t 





READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



































Function Mnemonic 
Increment . INC 
tT 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (Twos Complement) NEG 
;——— ft 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry .ROR 

Logical Shift Left LSL 
fae 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

Multiply . MUL is 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 


gram execution. Refer to the following list for control. 


instructions. . 

















LL . Function | Minemanie | 
Transfer A to X gut TAX 
Transfer X to A. TXA a 
Set Carry Bit SEC. 

e r i 

ant joke 

Clear Carry Bit “CLC 





L 
Set Interrupt’Mask Bit 





Clear Interrupt Mask Bit 
|B 























Software Interrupt sw | 
Return from Subroutine RTS 

: ai Sew 
Return from Interrupt axl RTI 
Reset Stack Pointer a RSP 














. Function Mnemonic | 
No-Operation NOP 
Stop" STOP 





Wait - WAIT 





OPCODE MAP SUMMARY 
Table 9 is an opcode map for the instructions used on 


the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump. instruc- 
tions to reach all memory. ; 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (¢.g., a 


“constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 


“opcode byte. Direct addressing allows the user to directly 


address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in: the two bytes following 
the opcode byte. Instructions. with extended. addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or:extended addressing. The 


_. assembler automatically selects the shortest form of the 


instruction. 


RELATIVE — 


The relative addressing mode is only used in branch 
instructions. in relative addressing, the contents of the 8- 
bit signed byte (the offset) following the.opcode is added 
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: YESODHB9OW 


; Bit Manipulation Branch Read-Modify-Write Control ; ‘Register/Memory 
BTB BSC REL | DIR | _INH INH [XT Ix INH INH IMM DIR EXT X2_ | 1X1 1X 
‘HI 0 1 2 3 4 5 6. 7 8 9 A B- c -D E F HI 
0000 0001 0010 0014 0100 0101 0110 ont 1000 1001 1010 1011 1100 1101 1110 wn Low 
O- 5 ee 3 5 : 3 3 6 b _ 9 
— BRSETO BSETO BRA - NEG NEGA NEGX NEG NEG “RTI 
3 BTB|2 Bsc|2 REL| 2 oir} INH} in | 2 xa] Ix iNH 2 
4 5 » 3 8 ; 
cop: |. BRCLRO BCLRO » BRN RTS cMP CMP cMP cMP CMP cMP a 
3 BT8{2 BSC] 2 REL INK 2 IMM ] 2 DIR EXT 1X2] 2 ixafa Ix 
: > 7 “+t ; 
2 5 5 3 W 2 3 A o 4 3 2 
coro |. BRSETI BSET1 BHI MUL SBC SBC SBC SBC SBC SBC ate 
_|3 BTB}2 BSC] 2_ REL’ 1 INH 2 IMM | 2 piR| : EXT ix2}2° xi} Ix 
3 5 5 3 5 3 3 6 by 0 . 2 3 4 % 4 ¥ x 3 
oar BRCLR1 BCLR1 BLS =f COM COMA COMX {| COM com swi CPX CPX CPX CPX CPX CPX cat 
3 BTB|2 . BSCI2 REL [2 DIR} 1 INH] 1 INH} 2 X11 IX INH 2 IMM] 2 DIRI 3 S EXT. 1X2] 2 1X1] 7 1X 
4 5 5 3 5 : 3. - ob 5 7 2 ‘ 3 4 5 3 4 3 4 
0100 BRSET2 BSET2 BCC ~  LSR LSRA LSRX LSR LSR AND AND : AND ~ AND AND AND 100 
3 BTB}2 BSC {2 RELJ2 DIR} 1 INH} 1 INH | 2 x1]. 1x 2 IMM {2 - ORY 3 EXT 1X2} 2 aa IX1]1 IX 
t 5 5 “eee a ine ms } — | 4 of 4 7 5 | 
ore |. BRCLR2 BCLR2 BCS™ Bir] BIT BIT BIT BIT BIT ani 
| y, 3 X2]2 iXtyd Ix 
3 BIB|2 BSC{2 REL 7s - 2 IMM] 2 DIR EXT 1X2 
6 5 < 5 ; 3 > 3 a: 5 ; 2 3 4 5 4 3 6 
oni9 BRSET3 BSET3 BNE ROR RORA RORX ROR. ROR ; LDA LDA LDA LDA LDA LDA 010 
3 BTB]2 BSC] 2 ~-RELI2 pir} INH ]}1 INH }2 mata 1x 2 IMM | 2 DIR EXT 1x2|2 xi] Ix 
7 a 5 3 5 3 3 6 4 of 4 5 6 5 4 7 
on |. BRCLR3 |” BCLR3 | | BEQ |. ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA Fie 
3 BiB/2~ BSC} 2-: REL| 2. DIR} 3 5 INH] 1 INH] 2 IX1}i IX 1 INH 2 OIR =: 
8 if 51° 5 bE) 3 6 » tT 2 2 3 8 
tooo ~6|, BRSET4 | BSETA BHCC LSL LSLA LSLX LSL LSL CLC EOR EOR EOR 1460 
g BTB{2 BSC]2 REL |Z DIR} INH| INH} 2 xt} 1K 1 INH] 2 IMM | 2 DIR]: ; 
9 5 5 5 3 8 by 2 2 3 9 
i001 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC 1001 
3 BTB|2 BSC}2 REL|2 DIR} 1 ive INH] 2 iX1]}1 1X T INH|2 IMM | 2 DIR 
A S36 s 3 5 3 6 4s 2 2 7 3 4 & 4 3 A 
soi BRSETS BSET5 BPL _ DEC DECA DECX DEC DEC CLI ORA ORA “ORA ORA ORA ORA iio 
3 BTB}2 BSC] 2 REL|2 DIR}|1 INH}? INH] 2 Ixt}t ” 1X 1 INH] 2 IMM | 2 DIR EXT IX2}2 Xi] 1 Ix 
B 5 aH, 3 “| at 2 3 2 4 5 4 Ks 8 
io |. BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD a 
3 Bre |2 Bsc] 2 REL ae 1 INK] 2 Imm {2 oR { 3 EXT 1X242 xa} Ix 
Cc 5 4 3 5 3 3 & 6 2 72 3 4 3 2 c 
aap BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP |. UMP aa 
3 BTB]2 BSC} 2 REL|2 oR] 2 INK] 1 INH | 2 xt Ix 1 INH 2 DIR EXT 1x2}2 1x1} x 
D 5 % 3 4 3 3 Ss 4 2 6 5 ity 7 6 : 5 D 
ae BRCLR6 BCLR6 BMS TST TSTA’ TSTX TST TST NOP BSR JSR JSR JSR JSR JSR 1101 
‘ 3 BTB}2 BSC] 2 REL{2 OR} 1 INH} 1 INH IE 2 IXUpd Ix 1 INH] 2 REL}2 OIR EXT IX2]|2 IX] 7 Xx 
| E : 5 : “a { 2 3 4 5 4 3 E 
i110 BRSET7 BSET7 BiL STOP LOX LDX LDX LDX LOX LDX saad 
fs i BIB} 2 BSC}2 REL INH rs IMM }2 DIR EXT IX2}2 IX¥f1 IX 
F 5 5 3 5 3 6 5 2 2 4 5 6 5 4 F 
Sai BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX ay: 
3 BTB}2 BSC}2 REL {2 DIR} 1 INH] INH] 2 IXt}d Ix INH] 1 INH 2 DIR EXT 1X2] 2 IXapd Ix 
Abbreviations for Address Modes LEGEND 
INH . - Inherent. REL Relative Opcode in Hexadecimal 
A Accumulator _BSC Bit Set Clear t 
Xx Index Register BTB Bit Test and Branch : = Opcode in Binary 
IMM Immediate — IX Indexed (No Offset) Mnemonic : 
DIR Direct IX1___ Indexed, 1 Byte (8-Bit) Offset Bytes 
EXT Extended IX2 Indexed, 2 Byte (16-Bit) Offset 
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to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or |/O location. 


INDEXED, 8-BIT OFFSET .. 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 


instruction allows tables to be. anywhere:in memory. As - 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


in the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
\/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed. relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to.the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 















































L Rating Symbol Value This device contains circuitry to protect the in- 
| puts against damage due to high static voltages 
Supply Voltage opel 001 Lo or electric fields; however, it is advised that nor- 
Input Voltage Vin Vss —0.5 to mal precautions be taken to avoid application of 
‘Vpp +0.5 any voltage higher than maximum-rated voltages 
ss : to this high-impedance circuit. For proper oper- 
selr-Check Mode (IRQ Fin Only) Vin chee ation, it is recommended that Vin and Voyt be 
fin fo iced 2B Bi constrained to the range Vsg = (Vin or Vout) > 
Current Drain Per Pin Excluding | 25 Vpp. Reliability of operation is enhanced if un- 
Vpp and Vss = used inputs are connected to an appropriate logic 
ol It level (e.g., either V Vpp).- 
Operating Temperature Range TA Ty to Ty SOT el Ie EMEC VSS Ce DD! 
MC68HCO5B4P, FN (Standard) Oto +70 
MC68HCOSB4CP, CFN (Extended) —40 to +85 
MC68HCOS5B4MP, MEN (Automotive} ~40 to +125 
ae 
Storage Temperature Range T stg -65 to +150 
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THERMAL CHARACTERISTICS: 


Characteristic. 7 


Thermal Resistance 
Plastic 
Plastic Leaded Chip Carrier (PLCC) 


POWER CONSIDERATIONS __ 


the average ‘chip- junction temperature, Ty,.in n °C can 
be obtained from: 


Ty=Tat (Pp ya) (1) 
where: Pd 

Ta = Ambient Temperature, °C 

QA = Package Thermal Résistance, 

eae Junction-to-Ambient, °C/W 
TD = Pint +Pyo 

PINT = = lee xVcc, Watts — Chip ‘Internal Power 
-PyQ. = Power Dissipation on Input and Output 


Pins — User Determined _ 


VDD = 45V ic eee 











3.26 kQ 






PA7-PAO, 
PB7-PBO, 
PC7~PCO, 
TCMP1 
TCMP2 


TDO, SCLK, . 
PLMA, PLMB 



























Vpp =3.0 V 








PA7-PAO, 10.91 kQ | 6.32 kQ 
PB7-PBO, 
PC7-PCO, 


TCMP1, 


TCMP2 
TDO, SCLK, 
PLMA, PLMB en 


























For most applications PiO<PINT ahd can be neglected: 
The following is an approximate relationship between: 
Pp and Ty (if Pio is neglected): 
P 


p=K+(Ty+273°C) gy 
Solving equations: (1) and (2) for K gives: 
K=Pp «(Ta + 273°C) + Hy AsPD2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and T, can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 






Vop 

Ry 

(SEE TABLE) 
TEST 

POINT ; 

C RI 
(SEE (SEE TABLE} 

TABLE) 


. Figure 19. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS (Vpp =5.0 Vdc + 10%, Vgg =0 Vdc, Ta=T' to Ty, unless otherwise noted) 
Symbol Min . Typ Max iG Unit 
ms 


VOH Vane -0.1 = = 
+——-__—_| 


rae: Vpp —9.8:}. Vpp - 0.4 = 
_| Vop = 0.8 | Yoo-08 _ 
VOL oY 


_, 0.1. 0.4 





Characteristic 


Output Voltage, I_gaq=10.0 pA 




























Output High Voltage 
(ILoad = 0.8 mA) PA7—-PAO, PB7~-PBO, PC7-PCO, TCMP1, TCMP2 
(Load = 1.6 mA) TDO, SCLK, PLMA, PLMB 


Output Low Voltage 

(ILoad = 1.6 mA) PA7—PAO, PB7-PBO, PC7-PCO,; TCMP1, TCMP2, 

PLMA, PLMB, TDO, SCLK 
RESET , 


Input High Voltage 
PA7-PAO, PB7—PBO, PC7-PCO, PD7- PDO, TCAP1, TCAP2, IRO, 
RESET, OSC1, RDI 


Input Low Voltage 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRO, 
RESET, OSC1, RDI 











VIH 0.7xVpp —_— Vpp V 








VIL Vss — 0.2xVpp |: .Vv 


— 
Supply Current (see Notes) 
RUN (SM = 0) 
RUN (SM _ 1, teyc =8 ps) 
WAIT (SM = 0) 
WAIT (SM = 1, teye = 8 HS): 
STOP 
0 to 70 (Standard) 
-- 40 to 85 (Extended) 
—40 to 125 (Automotive) 








IDD 











tO Ports Hi-Z Leakage Current 
PA7-PAO, PB7-PBO, PC7-PCO, TDO, RESET, SCLK 


Input Current 
IRQ, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-PDO/ANO (A/D off} 

PD7/AN7-PDO/ANO (A/D on) 


Capacitance 
Ports (as Input or Output), RESET 
TDO, SCLK 
IRQ, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-PDO/ANO (A/D off) 
PD7/AN7-PDO/ANO (A/D on) 






























NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (TE =RE =0). If SC! active (TE =RE=1) add 10% current draw. 
4 


. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source @ (fosc= 4.0 MHz), all inputs 0. 2V from rail; 
no dc loads, less than 50 pF on all outputs, CL =20 pF on OSC2. : 


5. Wait, Stop Ipp: All ports configured as inputs, Vj_ =0.:2 V, Vi =Vpp=- 02 Ve 
6. Wait Ipp is affected linearly by the OSC2 capacitance. 


TBD = To be decided. 
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DC ELECTRICAL CHARACTERISTICS (Vpp =3.3 Vdc+ 10%, Vgg =0 Vdc, Ta=TL to-Ty, unless otherwise noted) - 


Characteristic = Por [me || [a 





Output Voltage, ILgadS10.0 pA ; VOL 
: VOH Voge 0.1 = 
Output High Voltage VOH Vv 
(Load = 0.2 mA) PA7-PAO, PB7—PBO, PC7~PCO, TCMP1, TCMP2 Vpp—-9.3 | Vpp-0.1 = 
(Load = 0.4 mA) TDO, SCLK, PLMA, PLMB Vpp-0.3 | Vpp-0.1 = 
Output Low Voltage VOL V 
(Load =0.4 mA) PA7-PAO, PB7-PBO, PC7—PC7, TCMP1, TCMP2, _— 0.1 0.3 
PLMA, PLMB, TDO, SCLK 





RESET _ 0.2 0.6 
Input High Voltage VIH 0.7 x Vpp — VoD V 
PA7-PAO, PB7-PBO, PC7—PCO, PD7-PDO, TCAP1, TCAP2, iRQ, ; 
RESET, OSC1, RDI 


Input Low Voltage VIL Vss _ 0.2xVpp V 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, q 
RESET, OSC1, RDI | 



































Supply Current (see Notes) IDD 
RUN (SM=0) — 1.2 5 ~mA 
RUN (SM = 1, teyc =8 ps) a 0.2 eat lee 1 mA 
WAIT (SM =0) ©: _— 0.4 2 mA - 
WAIT (SM =1, teyc=8 ps) _ 0.15 0.5 mA 
STOP 
0 to 70 (Standard) — 1 10 pA 
— 40 to 85 (Extended) — — 10 pA 
740 to 125 (Automotive) — — 30 pA 
1:0 Ports Hi-Z Leakage Current NL — +0.2 +1, pA 
PA7-PAO, PB7-PBO, PC7—-PCO, TDO, RESET, SCLK 
Input.Current lin - pA 
IRQ, TCAP1, TCAP2, OSC1, RDI — +0.2 +1 
PD7/AN7-PDO/ANO (A/D off) ; _— +0.2 +1 
PD7/AN7-PDO/ANO (A/D on) — +10 TBD 
Capacitance pF. 
Ports (as Input-or Output), RESET, TDO Cout = — 12 
TDO, SCLK Cout es — 12 
IRQ, TCAP1, TCAP2, OSC1, RDI Cin _ _ 8 
PD7/AN7-PDO/ANO (A/D off) Cin — 12. TBD 
PD7/AN7—PDO/ANO (A/D on) Gin = 22 TBD 
NOTES: 


1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Ipp: Only timer system active (TE=RE=0). If SCI active (TE =RE=1) add 10% current draw. 

4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fosc=4.0 MHz), all inputs 0.2 V from rail: 
no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 

5. Wait, Stop Ipp: All ports configured as inputs, Vj_ =0.2.V, Viy=Vpp — 0.2 V. 

6. Wait Ipp is affected linearly by the OSC2 capacitance. 


TBD=To be decided. 
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A/D CONVERTER CHARACTERISTICS (Vpp =5.0 Vdc + 10%, Vgg =0 Vdc) 


Resolution Number of bits resolved by the A/D eee 





















































































































Non-Linearity Maximum deviation from the best straight line through the +Y2° 
A/D transfer characteristics (VRH=Vpp and Vp, =90 V) . 
Quantization Error Uncertainty due to converter resolution ae + ’ LSB 
Absolute Accuracy Difference between the actual input voltage and the full-scale — +1 LSB 
; equivalent of the binary code output code for all errors 
Conversion Range Analog input voltage range : ; VRL VRH V 
VRH Maximum analog reference voltage VRL Vpp+0.1 
VRL Minimum analog reference voltage Vss-—0.1 VRH V 
Conversion Time Total time to perform a single analog-to-digital conversion ; a ; 
a. External Clock (XTAL, EXTAL) _— 32’ teyc 
b. Internal RC oscillator _ 32 pS 
- Monotonicity é [Conversion result never decreases with an increase in input Guaranteed - 
voltage and has no missing codes : . 
Zero-Input Reading ; Conversion result when Vin =VRaL 00. — Hex - 
Full-Scale Reading Conversion result when Vin =VRH _ Hex 
Sample Acquisition Time Analog input acquisition sampling . : : 
(see Note 1), a. External Clock (XTAL, EXTAL) _ 12 teyc 
; b. Internal RC oscillator _— 12 ps 
Sample/Hold Capacitance Input capacitance on PD7/AN7-PD0/ANO ; — : 12 
Input Leakage Input leakage on A/D pins PD7/AN7-PDO/ANO, Vr_i, VRH _ 1 pA 
(see Note 2) Be 1 


NOTES: 
1. Source impedances greater than 10K ohm will adversely affect internal RC charging time during input sampling. - 
2. The external system error caused by input leakage current is approximately equal to the product of R source and input current. 
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CONTROL TIMING (Vpp =5.0 Vdc + 10%, Vgg =0 Vde, Ta=T_ to. Ty) 
Characteristic 


Frequency of Operation 
‘Crystal Option 
External Clock Option 
Internal Operating Frequency 
Crystal (fog¢/2) 
External Clock (fgg¢/2) 


Cycle Time. (see Figure 21) 
‘Crystal Oscillator Startup Time (see Figure 21) 


: Stop Recovery. Startup: Time (Crystal Oscillator) 











‘External RESET Input Pulse Width (see Figure 21) 





Power-On RESET Output Pulse Width 
4064 Cycle Option 
- 16-Cycle: Option 


Watchdog RESET Output Pulse Width 
Watchdog Time-Out 














Timer .: , 
Resolution** 
Input Capture Pulse Width (see Figure 20) 
Input Capture Pulse Period (see Figure 20) 


Interrupt Pulse Width (Edge- Triggered) tILIH Lae 
Interrupt Pulse Period TILIL ae 
OSC! Pulse Width tOH tOL 


NOTES: 
*The minimum period ty}, shquld-not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 toye. 
**Since a 2-bit prescaler in the timer must count four internal cycles (tgyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tT_TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tey¢. 











t TL 
EXTERNAL a nn — m — | l 
SIGNAL 

(TCAP1, 


TCAP2} 


Figure 20. Timer Relationship 
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CONTROL TIMING (Vpp =3.3 Vdc + 10%, Vgg=0 Vdc, Ta=TL to Ty) 


Characteristic Symbol | min | Max | Unit | 





Frequency of Operation 
Crystal Option 
External Clock Option 








Internal Operating Frequency 
Crystal (fos¢/2) 
External Clock (fgs¢/2) 

















Cycle Time (see Figure 21) 


Crystal Oscillator Startup Time (see Figure 21) : toxov _ 
Stop Recovery Startup Time (Crystal Oscillator) j tILCH — 














External RESET Input Pulse Width (see Figure 21) tRL 1.5 — teye 
Power-On RESET Output Pulse Width “ tPORL | teyc 
4064 Cycle Option 4064 — 
16 Cycle Option ; 16 _ 





Watchdog RESET Otuput Pulse Width 
Watchdog Time-Out 














Timer 

. Resolution** 
Input Capture Pulse Width (see Figure.20) 
Input Capture Pulse Period (see Figure 20) 











Interrupt Pulse Width (Edge-Triggered) 








Interrupt Pulse Period tLIL * — teyc 
OSC1 Pulse Width ; tonto: | 200 | — | ns | 
NOTES: 
*The minimum period tj, should not be less than the number of cycle times it takes to execute the interrupt service routine 
lus 21 is 
plus te Cc : 


**Since a 2-bit prescaler in the timer must count four internal cycles (tcy¢), this is the limiting minimum factor in determining the 
timer resolution. ; ' 
***The minimum period ttL_TL should not be less than the number of cycle times it takes to execute the capture interrupt service 


routine plus 24 teyc. 
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8PL-E 
VLVG HOSS3DO0UdOHDIW! VIOYOLOW 








tVDDR ; . 
| . 
| 
Vop Vpp THRESHOLD (1-2 V TYPICAL) 
i} 


| 
! ai TRILL EET 


loxov 4064 teyc 
at ——_} 


| | io 
f | ree 


osci** 





INTERNAL 
PROCESSOR 
CLOCK* 


INTERNAL 
ADDRESS 
BUS* 
BUS* CODE \ coe / 
TRL 
RESET _ y 


*Internal timing signal and bus information not available externally. 
**QSC1 line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 





Figure 21. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 


to first contact the local field service office, asales person, . 


or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer’s name, data, project or product name, and 
the name of the file containing the pattern. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805B6 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0800 through $1EFF with 
vectors from $1FFO to $1FFF. All unused bytes, including 
the user’s space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MS is a trademark of Microsoft, Inc. 


xxx = Customer 1D 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining tothe package type, temperature, and MC order 
numbers for the MC68HCO5B4 device. 





Package Type Temperature McC Order Number 











—| 
Plastic 0°C to + 70°C MC68HCO05B4P 
(P Suffix) — 40°C to + 85°C MC68HCO5B4CP 

ee as 40°C to + 125°C |} MC68HCO5B4MP 

PLCC 0°C to + 70°C MC68HCOSB4FN 

(FN Suffix) —40°C to + 85°C | MC68HCO5B4CFN 








— 40°C to +125°C | MC68HCOSB4MFN 








IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


HW PD5/AN5 
D PD6/ANG 
D PD7/AN7 
D TcMP1 


_ 
ec 
> 


y NC 








MC68HC05B4 


52-Pin PLCC 


J TD0 
UB SCLK 
J RDI - 
J PCO. 
J PC 








3p PC2/ECLK 





~~ 
on 
hm 
— 


~IOB temp2 


VRH 
PD4/AN4 
Vpp 
PD3/AN3 
PD2/AN2 
PDI/ANI 
PDO/ANO 
NC 
osci 
osc2 
RESET 
iRQ 
PLMA D/A 


RO 


TCAP1 U 
TCAP2 Y 


PLMB D/A G 








PA7 U 
PAG i] - 
PAS 0 
PAA Q 
PA3 Q 
PA2 Q 
PAI Q 
PAO g 
PB? g 
PB6 


48-Pin Dual-in-Line Package 


VRH 
PD4/AN4 
VoD 
PD3/AN3 
PD2/AN2 
PD1/ANI 
PDO/ANO 
Osci 
osc2 
RESET 
iRQ 
PLMA D/A 
PLMB D/A 
TCAP1 
TCAP2 
PAT 

PAG 

PAS 

PAG 
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1 SCLK 
: RDI 

PCO. 

Pcl 

PC2/ECLK 

PC3 

PC4 

PCS 

PC6 

PC7 

Vss 

INC 

1 PBO 

PBI 

PB2 

PB3 

PBA 

PBS 

PB6 

PB7 

PAO 

PAI 

PA2 

PA3 
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PC3 


PC4 


PC5 
PC6 
PC7 


Vss 


NC 

PBO 
PBI 
PB2 
PB3 
PB4 
PB5 
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TECHNICAL DATA MC68HCO5B6 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HCO5B6 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel I/O capability with pins programmable as input or output. This 
publication contains condensed information on the MCU; for more detailed information, contact your local Motorola 
sales office. ante 

The following block diagram depicts the hardware features; additional features available on the MCU are shown 
below and at the top of page 2. 

@ On-Chip Oscillator with Crystal/Ceramic Resonator 


@ Memory-Mapped 1/O 
® 176 Bytes of On-Chip RAM 
e@ 256 Bytes of On-Chip EEPROM 


BLOCK DIAGRAM 









i 4 
a oe =, eS 
< a a & ao @ i 
= = tt = = B 
2 = 8 8 8 ee 
OSCILLATOR osci 
PLM SYSTEM TIMER SYSTEM WATCHDOG SYSTEM AND 
rRaemes! emee St ae 
ea " INTERNAL PROCESSOR CLOCK 
PBO ; PCO 
oni 4 ACCUMULATOR a oi 
porte P82 PORT | DATA 8 A CONTROL DATA | PORT A aad 
vO LINES FBS B | oR. INDEX or. | c pea PORT C 
oe REG. | REG , REGISTER : REG. | REG. ee Pes VO'LINES 
PBE PCE 
PB? CONDITION CODE PCT 
5. REGISTER 
(PDO/ANO 
POINTER POAN! 
PAO 8 3 PD2/AN2 
PAI PD3/AN3 
PA2 PROGRAM COUNTER cc PDA/ANA 
VO LINE PAA 2 fot a PDG/ANG 
PAS . REG. na Ss PDT/AN7 
PAG PROGRAM COUNTER 5 
PA? : 3 LOW -: PCL VRH 
VAL 








USER ROM EEPROM! STATIC RAM RDI 
5952 x 8 176 x8 SCI SYSTEM . > SCLK 
TD0 





SELF-CHECK OPTION REG. 
432« 8 1x8 =— Voo 
+— Vss 
Vv CHARGE 
PPI PUMP 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FEATURES (Continued) 
@ 5952 Bytes of User ROM 
24 Bidirectional |/O Lines and 8 Input-Only Lines 
Serial Communications Interface (SCI) System 
8-Channel A/D Converter 
Watchdog System 
Self-Check Mode 
Power-Saving STOP and WAIT Modes 
Single 3.0- to 6.0-Volt Supply 
Fully Static Operation 
Two Pulse-Length Modulation Systems (D/A) 


SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IR 


This pin is a programmable option that provides four 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. Note that the voltage 
level on this pin affects the mode of operation. 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, or an 
external signal connects.to. these pins providing a system 
clock. The oscillator frequency is two times the internal 
bus rate (or 32 times-as a software option). 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 


A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


16-Bit Timer with Two Input Capture and Two Output Functions 
Slow Mode Option Divides the Basic Clock Frequency by 16 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(d). 


INPUT CAPTURE (TCAP1) 


This pin controls the input capture 1 feature for the on- 
chip programmable timer (see Table 2). 


INPUT CAPTURE (TCAP2) 


This pin controls the input capture 2 feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP1) 


This pin provides an output for the output compare 1 
feature of the on-chip timer. 


OUTPUT COMPARE (TCMP2) | 


This pin provides an output for the output compare 2 
feature on the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. The volt- 
age on this pin affects the mode of operation (see Table 
2, Mode of Operation Selection). 





INPUT/OUTPUT PORTS (PA7-PAO, PB7-PBO, PC7-PCO) 


These. 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PD7/AN7-PD0/ANO) 


These eight lines comprise port D, a fixed input port. 
Enabling the A/D function affects this port. Port D accepts 
the eight analog inputs when the A/D is enabled. Port D 
can be used for digital input during a conversion se- 
quence, but this may inject noise on the analog signals, 
reducing the conversion accuracy. Also, a digital read of 
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Cosc2 


Fosc! == 


(b) Crystal/Ceramic Resonator 
Oscillator Connections 





OSC2 


Ceramic Resonator 


eee [Ui 


2 


[Rs (typical) | 10 | © | 
Co | 40 | 






L Cy 
osc2 Osci 
17 16 
Co 
17 nO 16 
| JE 


(c) Equivalent Crystal Circuit 







UNCONNECTED 


EXTERNAL CLOCK 


(d) External Clock Source Connections 


Figure 1. Oscillator Connections 


port D with levels other than Vpp or Vss on the pins 
results in greater power dissipation during the read cycle. 
Refer to PROGRAMMING for additional information. 


NOTE 


In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HCO5B6 is reduced to six pins 
(PD5-PDO, AN5-ANO). This change has no effect on 
' either programming or operation of port D or the 
A/D converter. 
PLMA 
This pin is the output of the pulse-length modulation 
converter A. See PULSE-LENGTH D/A CONVERTERS for 
further information. 


PLMB 

This pin is the output of the pulse-length modulation 
converter B. See PULSE-LENGTH D/A CONVERTERS for 
further information. 


RDI (Receive Data In) 
This pin is the input of the SCI. See Serial Communi- 
cations Interface for more information. 


TDO (Transmit Data Out) 
This pin is the output of the SCI. See Serial Commu- 
nications Interface for more information. 


SCLK : 

This pin is the clock output pin of the SCI transmitter. 
See Serial Communications Interface for more infor- 
mation. 


VpP1 
This pin is the EEPROM programming voltage output. 
See EEPROM for further information. 


VRH 
This pin is the positive reference voltage for the A/D 
converter. 
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VAL . 
This pin is the negative reference voltage for the A/D 
converter. 


INPUT/OUTPUT PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes ail of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 2 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. I/O Pin Functions 


The I/O pin is in input mode. Data is writ- 
ten into the output data latch. 


The state of the I/O pin is read. 


The I/O pin is in an output mode. The out- 
put data latch is read. 

















LATCHED 
INTERNAL OUTPUT DATA 
- MCU | . BIT 
_. CONNECTIONS 


Data is written into the output data latch |. 
and output to the I/O pin. 





Under software control, the PC2 pin can become the 
CPU clock output. If this option is selected, the corre- 
sponding DDR bit is automatically set, and bit 2 of port 
C always reads the output data latch. The other port C 
pins are not affected by this feature. 


Control Register (CTL/ECLK) $07 

7 6 5 4 3 2 1 0 
fo fo fo fo fe] ~ | -]| -| 
a 0 0 0 0 | 0 0 0 


ECLK — ECLK Control 
1=1/0 port function of PC2 is forced to output mode, 
and PC2 outputs the ECLK CPU clock. 
0=PC2 functions as a regular I/O pin. 


FIXED INPUT PORT PROGRAMMING 


Port D is a fixed input port that monitors the external 
pins whenever the A/D is disabled. After reset, all eight 
bits become digital inputs because all special function 
drivers are disabled. Port D is always at digital input, 
whether the A/D is on or off. 


NOTE 


Any unused inputs and |/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


_ SERIAL PORT (SCI) PROGRAMMING ~ 


’ The SCI uses two or three pins for its functions: RDI 
for its receive data input, TDO for its transmit data output, 
and SCLK to output the transmitter clock, if needed. 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 3. The locations 
consist of user ROM, user RAM, EEPROM, self-check ROM, 
control registers, and I/O. The user-defined reset and in- 
terrupt vectors are located from $1FFO to $1FFF. 


Figure 2. Typical Port /O Circuit 
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$0000 VO AND 0000 PORT A DATA REGISTER $00 

‘sour ioc ly ” =a = PORT B DATA REGISTER $01 

ee ar raion CONTROL PORT ¢ DATA REGISTER $02 

USER ROM \ 1 BYTE PORT D INPUT:DATA REGISTER $03 

S004F_ 48 BYTES 073 ‘ PORT A DATA DIRECTION REGISTER | $04 

hae ea etES sche \ 2 BYTES | PORT B DATA DIRECTION REGISTER | $05 
weal mene PORT C DATA DIRECTION =e $06 

EEPROM/ECLK CONTROL REGISTE H 

SOOFF ee BYTES 0265 \ A/D DATA REGISTER ] 

on OPTR 1 BYTE os i SERIAL AD STATUS/CONTROL REGISTER | $09 

‘S010 “Feprom1—«|—0287 \ aca PULSE LENGTH MODULATION A SOA 

anER : aoe PULSE LENGTH MODULATION B $08 

soit | NON PROTECTED | 0287 \ soc 

“0120 [a pyres «(0288 Le " §CI BAUD RATE REGISTER $00 

ae PROTECTED = SCI CONTROL REGISTER 1 S0E 

Sour. TTT TT are SCI CONTROL REGISTER 2 SOF 
ROM | SCI STATUS REGISTER $10. 

= oS Or SCI DATA REGISTER $11 

ae ae TIMER CONTROL REGISTER $12 

oe poe TIMER:STATUS REGISTER $13 

SIEFE 5888 BYTES 7935 CAPTURE HiGH REGISTER 1 $14 

$1F00 SELF-CHECK 7936 CAPTURE LOW REGISTER 1 $15 

wide rasa ae COMPARE HIGH REGISTER, 1 $16 

og ere ‘ COMPARE LOW REGISTER 1 $17 

eee 16 BYTES Sigs \ COUNTER HIGH REGISTER sig 

\ COUNTER LOW REGISTER sig 

\ ALTERNATE COUNTER HIGH REGISTER | $1A 

‘ ALTERNATE COUNTER LOW REGISTER | $1B 

\ CAPTURE HIGH REGISTER 2 sic 

\ CAPTURE LOW REGISTER 2 $10 

: COMPARE HIGH REGISTER 2 $1E 

COMPARE LOW REGISTER 2 SIF 





Figure 3. Memory Map 


The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. , 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


EEPROM 


The MCU has 256 bytes of byte-erasable EEPROM (255 
bytes general purpose and 1-byte option register), lo- 
cated at addresses $0100-$01FF. An internal charge pump, 
connected to the Vpp pin, avoids the necessity: of sup- 
plying a high voltage for erase and programming. The 
Vpp pin should be left open. 


CAUTION 


An external high voltage should not be applied to 
this pin. 


To provide a higher degree of security for stored data, 
there is no bulk or row erase. 


EEPROM Read Operation - 


To read data from EEPROM, the E1LAT bit must be 
zero. When E1LAT is zero, the E1PGM and E1ERA bits 
are forced to zero, and the 256-byte EEPROM is read as 
if it were a normal ROM. The Vpp charge pump generator 
is off since E1PGM is zero. If a read is performed while 
E1LAT is set, data will be read as $FF. 


NOTE 


When not performing a programming or erase op- 
eration on the EEPROM, remain in read mode 
(E1LAT =0). 


EEPROM Erase Operation 


To erase a byte of EEPROM, set E1LAT and E1ERA to 
one, write to the address to be erased, and set E1PGM 
for a time tERA1. After the required erase time, E1LAT 
must be cleared, which resets E1ERA and E1PGM. To 
erase a second word, E1LAT must be cleared before it is 
set, or the erase will have not effect. This procedure is 





a elec a a ea a aE 
MOTOROLA MICROPROCESSOR DATA 


3-755 





MC68HCO5B6 


done to increase the security of the stored data. While 
an erase is being performed, any access to the EEPROM 
will not be successful. Data written in an erase operation 
is not used; therefore, its value is not significant. User 
programs must be running from ROM or RAM since the 
EEPROM has its address and data buses latched. 


EEPROM Programming Operation 


To program a byte of EEPROM, set the E1LAT bit, write 
data to the desired address, and set the E1PGM bit for a 
time tpRoG: After the required programming delay, E1LAT 
must be cleared, which also resets E1PGM. While a pro- 
gramming operation is being performed, any access to 
the EEPROM will not be successful. 


NOTE 


To program a byte correctly, the byte must have 
been previously erased. 


To program a second word, E1LAT must be cleared 
before it is set, or the programming will have no effect. 
This procedure is done to increase the security of the 
stored data. User programs must be running from RAM 
or ROM since the EEPROM will have its data buses latched. 


Control Register (CTL/ECLK) $07 

7 6 5 4 3 2 1 0 
| = | = | = | = [= [even | evar [even] 
i 0 0 0 0 U 0 U 


E1ERA — EEPROM Erase 
1=An erase will take place if E1LAT and E1PGM are 
both one. 
0=A programming operation will take place if E1LAT 
and E1PGM are both one. 
lf E1LAT=0, E1ERA is held to zero. Once an EE- 
PROM address is selected, E1ERA cannot be 
changed. 
E1LAT — EEPROM Latch Enable 
1= Address and data can be latched into the EEPROM 
for programming or erase operation if E1PGM =0. 
0 = Data can be read from the EEPROM, and the E1ERA 
and E1PGM bits are cleared. — 
After the programming or erase time, the E1LAT 
bit must be reset in order to reset the E1ERA and 
E1PGM bits. 
E1PGM — EEPROM Program Mode ; 
1=Charge pump generator is on, and the resulting 
high voltage is applied to the EEPROM array. 
0=Charge pump generator is off. 
E1PGM cannot be set before the data is selected; 
it can only be reset by resetting E1LAT. 


The charge pump is not affected by the WAIT mode; 
thus, WAIT can be used for the erase or programming 
delay time. If STOP mode is entered, the EEPROM is set 
to read mode. 

The Vpp7 charge pump generator is normally supplied 
by the CPU clock, but for very low clocking frequencies, 


the A/D RC oscillator should be used. See A/D CON- 
VERTER for more information. 


Options Register (OPTR) $0100 

7 6 5 4 3 2 1 0 
|= [-]-T- | - J = [ev [ see | 
marr U U U U U U U 


EE1P — EEPROM Protect 
1=EEPROM not protected. 
0=EEPROM addresses from $0120 to $01FF are read 
only, and attempts to write to this area will be 
unsuccessful. 
When this bit is erased to one, protection remains 
until the next external or power-up reset occurs. 
SEC — High-Security Bit 
1=Security not active. 
O=EEPROM contents protected because access to 
test mode is inhibited. 
The SEC bit can only be erased to one externally 
by entering self-check mode, which erases the en- 
tire EEPROM. When SEC is changed, the new value 
has no effect until the next external or power-on 
reset. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 


7 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value: that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next instruction to be executed. 


12 0 


ee eee 
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STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six jeast significant register bits to pro- 
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 


12 0 


| 
ojojofofofify] se 


CONDITION CODE REGISTER (CCR) 
The CCR is a 5-bit register in which four bits are used 


to indicate the results of the instruction just executed. - 


These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


el eel) 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. = 


Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
{bit 7 in the result is a logic one). 


Zero (2) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 


SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Table 2 shows how self- 
check mode is entered. Self-check is performed using the 
circuit shown in Figure 4. Port C pins PC3—PCO are mon- 
itored for the self-check results. After reset, the following 
tests are performed automatically: 

/O — Exercise of ports A, B; C, and D 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks ICF1, 
ICF2, OCF1, OCF2, and TOV flag 
Interrupts — Tests external, timer, and SCI interrupts 
SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
A/D — Checks A/D on internal channels: VRL, VRH, 
and (VRL+VRH)/2 
EEPROM — Optional. Performs write/erase of the 256- 
byte EEPROM and then deactivates the 
security bit. 
PLM — Checks basic PLM function 
Watchdog System — Checks watchdog function 
Self-check results (using the LEDs as monitors) are 


~ shown in Table 3. The following subroutines are available 


to the user and do not require any external hardware. 


Table 2. Mode of Operation Selection 























RESET Pin | iRGPin | TCAP1Pin | Mode | 
—_J_|Vss to Vpp | Vss to Vp 
ae cae +9 Volts Vpp Self-Check 

Vss Vss to Vpp | Vss to Vpp | Reset Condition 





Table 3. Self-Check Results 




































Remarks = 

Bad Port 

Bad Port 
4 

Bad RAM 
Bad ROM | 
Bad Timer “a 





Bad SCI 
Bad A/D 
Bad EEPROM 
Bad PLM 

Bad Interrupts 
Bad Watchdog 


























Good Device 





Flashing 
All Others 





Bad Device, Bad Port, etc. 


ease fe 








0 indicates LED is on; 1 indicates LED is off. 
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NOTE: Pin numbers are -valid for 52-pin PLCC package only. 


Figure 4, Self-Check Circuit Schematic Diagram 
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RAM CHECK SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; ‘otherwise, the Z bit is set. The stack 
pointer must be set to $FF. The stack pointer must be set 
to $FF. The RAM check subroutine is called at location 
$021E. A counter test is done on each location from ad- 
dress $50 to $FD. Each location is made to count from 
$00 to $00 again. Locations $FE and $FF are assumed to 
contain the return address. Upon return to the user’s 
program, if the test passed, X=$00, A=$00, and RAM 
locations $0050 and $00FD contain $01. 


NOTE 


The watchdog system is turned on when calling this 
eUbreMiiny: 


A/D CONVERTER CHECK SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The subrou- 
tine is called at location $1FAA with X =$00 and A/D STAT/ 
CTRL (address $09)=$20 (ADON=1 for more than 100 
pS and channel PDO selected). Conversion is done on 
three of the internal channels: VRH, VRL; and (VRL+VRH)/ 
2. The result of these conversions is verified at +1 LSB. 
Upon return to'the user’s program, if the test passed, 
X =$09, A=$00 or $01. . 


ROM CHECKSUM SUBROUTINE . 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum.subroutine is called at location $0232 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
if the test passed, X=0, A=0. 


NOTE 


The A/D and the watchdog system are turned on 
when calling this subroutine. 


RESETS 


The MCU can be reset two ways: by initial power-up 
(POR) and by the external reset input (RESET). The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 











POWER-ON RESET 


An internal reset is generated on power-up to: allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a delay (tpORL) after the oscillator becomes ac- 
tive. If the RESET pin is low at the end of tpoRi. the MCU 
will remain in the reset condition until RESET goes high. 
A mask option allows tpoRL to be either 16 or 4064 in- 
ternal processor clock cycles (tcyc. 





EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period OF one mand one-half machine 
cycles {teyel. 


rea iad nae 


Cin [oe [9 Ts Ts 


RESET: 
U 0 0 1 0 0 0 0 


POR — Power-On Reset 
1=The reset occurring is a power-on, not external, 
reset 
0= Power-on reset not.in progress 
INTP — External Interrupt Positive 
Allows a choice of IRQ sensitivity, with INTN. See 
Table 4. 
INTN —.External Interrupt Negative 
Allows a choice of IRO sensitivity, with INTP. See 
Table 4. 
INTE — External Interrupt Enable 
' Allows the user to enable: or disable the > external in- 
terrupt function. 
SFA — Slow/Fast Selection for PLMA 

_ 1=Slow speed used for PLMA (4096 times the timer 

clock period) 

_0=Fast speed used for PLMA (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS 

SFB — Slow/Fast Selection for PLMB 
1= Slow speed used for PLMB (4096 times the timer 
clock period) 
0=Fast speed used for PLMB (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS 
SM — Slow Mode 
1=System runs at 1/16th the normal clock rate (fosc/ 
32) 
0=System runs at normal clock rate (fos¢/2) 
WDOG — Watchdog Counter System 
1=Watchdog counter system enabled 
0=Watchdog counter system disabled 


NOTE 


The ‘reset generated by the watchdog timer is a 
system reset; thus, the watchdog is disabled after 
a watchdog reset. 


Table 4. External Interrupt Options 


INTP INTN External Interrupt Options 


EG Negative Edge and Low-Level Sensitive 










Negative Edge Only 
Positive Edge Only 
Positive and Negative Edge Sensitive 
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Slow Mode 


The slow mode function is controlled by the SM bit in 
the miscellaneous register (0C).:In slow mode (SM=1), 
an extra divide-by-sixteen circuit is added between the 
oscillator and the internal clock driver. This slows all func- 
tions by a factor of 16 (including SCI, A/D, and timer), 
which is particularly useful in WAIT mode. SM is cleared 
by external or power-on reset and by STOP mode. 


NOTE 


If slow mode is enabled while using the A/D, the 
internal A/D RC oscillator should be turned on. 


Watchdog System 


The watchdog counter is driven by the 1024 prescaler 
in the timer and, unless the counter is reset, generates a 
system reset when it reaches its maximum count 
(1024 x 8). 

A mask option is available that.provides two methods 
of enabling the watchdog timer. In the first option, the 
watchdog system is controlled by the WDOG bit in the 
miscellaneous register (OC). Writing a one to the bit starts 
the watchdog or, if it is already started, resets the counter 
to zero. Writing a zero has no effect; the WDOG bit can 
only be cleared by external or power-on reset. In the 
second option, the watchdog timer is always enabled 
following reset. 

A second.mask option determines the watchdog timer 
function during WAIT. The watchdog timer can remain 
active during WAIT, and can cause a reset if the device 
remains in WAIT longer than the watchdog timeout pe- 
riod. Alternatively, the watchdog timer suspends oper- 
ation during WAIT and resets its count, resuming normal 
operation following reset. 


INTERRUPTS - 


The MCU can be interrupted four different ways: the 
three maskable hardware interrupts ({ROQ, SCI; and timer) 
and the nonmaskable software interrupt instruction (SWI). 

interrupts cause the processor to save register contents 
onthe stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 


INCREASING MEMORY 
ADDRESSES 


2mxmMcHoaMm™Da 


UNSTACK 


CONDITION CODE REGISTER 


ACCUMULATOR 
INDEX REGISTER 


pofopop CH 





processing to resume. The stacking order is shown in: 
Figure 5. ; 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 6 for the reset and interrupt instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Four options are available for interrupt triggering sen- 
sitivity: 

e Negative edge and low level 

e Negative edge only 

@ Positive edge only 

@ Positive and negative edge 
See Miscellaneous Register (OC) for further information. 


0 STACK 


DECREASING MEMORY 
ADDRESSES 


AyweowWmMAsZ— 


NOTE: Since the Stack Pointer decrements during pushes, the 
, PCL is stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 


Figure 5. Interrupt Stacking Order 
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TRO 
EXTERNAL 
INTERRUPT 






TIMER 
INTERNAL 

















INTERRUPT 


FETCH 
NEXT 
INSTRUCTION 







N 





EXECUTE 
INSTRUCTION 
















INTERRUPT, 
SCI 
INTERNAL 





CLEAR TRO 
REQUEST 
LATCH 












LOAD PC FROM: 
~ SWI: $IFFC-S1FFD 
SWi: SIFFA-SIFFB 
TIMER: $1FF8-$1FFS 
SCI: $1FF6-S1FF7 





COMPLETE 
INTERRUPT 
ROUTINE 
- AND EXECUTE 
RTI 








Figure 6. Reset and Interrupt Processing Flowchart 


Figure 7 shows a mode timing diagram for the interrupt 
line. The timing diagram shows two treatments of the 
interrupt line to the processor. The first method shows a 
single pulse on the interrupt line spaced far enough apart 
to be serviced. The minimum time between pulses is a 
function of the length of the interrupt service. Once a 
pulse occurs, the next pulse should not occur until an RTI 
occurs. This time (tjL|L) is obtained by adding 21 instruc- 
tion cycles to the total-number of cycles it takes to com- 
plete the service routine (not including the RTI instruction). 


The second method shows many interrupt lines “wire- 
ORed” to form the interrupts at the processor. If.the.in- 
terrupt line remains low after servicing an interrupt, then 
the next interrupt is recognized. 


NOTE 


The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 
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' Edge-Sensitive Trigger Condition 
The minimum pulse width (tjLJH) is either 
125 ns (Vpp=5 V) or 250 ns (Vpp=3 V). 
The period tj, should not be less than 
‘the number of toyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
tcyc cycles. 


Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is rec- 
ognized. 


NORMALLY 
USED WITH 
WIRE-ORed 
CONNECTION 


Figure 7. External! Interrupt Mode Diagram 


SOFTWARE INTERRUPT (SWI): 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 


SCI INTERRUPTS 


An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags | and status bits in the SCI 
status register. 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and A/D operation (refer to Figure 8). 

During the STOP mode, the TCR bits..are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered: All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only aa an 
external interrupt or reset. 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 








STOP OSCILLATOR 
AND ALL CLOCKS 


CLEAR | BIT 











EXTERNAL 
INTERRUPT 
(IRQ) 


TURN ON OSCILLATOR 
WAIT FOR TIME 
DELAY TO STABILIZE 


(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 
=A. STACK 

B. SET I BIT 

C. VECTOR TO INTERRUPT 
ROUTINE 


‘Figure 8. STOP Function Flowchart «~~ 
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transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
ail SCI transfers should be in the idle state when the STOP 
instruction is executed. 


Watchdog during STOP Mode 


The STOP instruction is inhibited when the watchdog 
system is enabled. If a STOP instruction is executed while 
the watchdog is enabled, a reset occurs that resets the 

entire MCU. 


EEPROM during STOP Mode 


The EEPROM is set to-read, and the Vpp1 high-voltage 
charge pump eee is disabled when stop mode is 
entered. : 


PLM during STOP Mode 


When the MCU enters stop. mode, the PLM outputs 
remain at their particular level. If power-on or external 
reset causes the exit from stop mode, the register values 
are forced to $00. 


A/D Converter during STOP Mode 


When stop mode is entered with the A/D converter 
turned on, the A/D clocks are stopped and the A/D con- 
verter is disabled for the duration of stop mode, including 
the tpORL startup time. If the A/D ne oscillator is used, 
it will also be disabled. , 


When leaving STOP mode, after the tpORL startup time, 


the A/D converter and A/D RC oscillator resume regular | 
operation. However, a time tapon is required for the 


current sources to stabilize. During tapon, A/D conver- 
sion results may be inaccurate. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action and the 
watchdog system are suspended, but the timer, SCI, PLM, 
and A/D remain active (refer to Figure 9). An interrupt 
from the timer, SCI, or an IRQ can cause the MCU to exit 
the WAIT mode. 


During the WAIT mode, the | bit in the CCR is cleared.. 


to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a pperieale exit from the mo 
mode: 


- To achieve: proper operation and reduce power con- 
sumption, the following points’ should be set as desired 
before entering wait mode: 


@ Timer interrupt enable bits 7 
-@ A/D control bits 
“e EEPROM control bits” 
e scl enable bits and interrupt enable bits e . 
















OSCILLATOR ACTIVE 
TIMER, SCI, AND A/D 
CLOCKS ACTIVE 
PROCESSOR CLOCKS STOPPED 






EXTERNAL 
INTERRUPT 
(IRQ) 












TIMER 
INTERRUPT 


RESTART 
PROCESSOR CLOCK 





(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

A. STACK 
_ B.SET | BIT 

C. VECTOR TO INTERRUPT 
ROUTINE 


Figure 9. WAIT Function Flowchart 


TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by: a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements of two input signals while si- 
multaneously generating two output waveforms. Pulse 
widths can.vary from several microseconds to many sec- 
onds. The programmable timer works in conjunction with 
the PLM system to execute two 8-bit D/A PLM conver- 
sions, with a choice of two repetition rates. Refer to Figure 
10 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also. ac- 
cessed. 
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Fs | 16-BIT OUTPUT OUTPUT gic 
FREE-RUNNING COMPARE COMPARE CAPTURE CAPTURE 
COUNTER REGISTER 1 REGISTER 2 REGISTER 1 REGISTER 2 | $1D 
COUNTER 
ALTERNATE 
REGISTER 
INTERNAL TIMER BUS 
TO PLM 
OVERFLOW OUTPUT “OUTPUT EDGE EDGE Tee o 
DETECT COMPARE COMPARE DETECT DETECT PIN 
CIRCUIT CIRCUIT 1 CIRCUIT 2 CIRCUIT 1 CIRCUIT 2 
TCAP 1 
PIN 
TCMP 2 
PIN 
TCMP 1 
PIN 
1 Tore Trow2T Foi [owvizPiepsr TOW) pe citee 
e we : 
tNPUT OUTPUT OVERFLOW 
CAPTURE COMPARE INTERRUPT 
INTERRUPT INTERRUPT  $IFF4, 5 
SIFF8,8 —SIFF6, 7 
Figure 10. Timer Block Diagram 
NOTE a prescaler that divides the internal processor clock by 
The | bit in the CCR should be set while manipu- four. The prescaler gives. the timer a resolution. of 2.0 


microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion, of the in- 
ternal bus clock. Software can read the counter at any 


: lating both the high and low byte register of.a spe- 
- cific timer function to ensure that.an interrupt does 


not occur. |. : ; Bi tae, Pepe ot 
time without affecting its value. 
The double-byte, free-running counter can be read from 
COUNTER) a a either of two locations, $18-$19 (counter register) or 
The key element in the programmable timer is a 16- $1A-$1B (counter alternate register). A read from only 
bit, free-running counter or counter register, preceded by the least significant byte (LSB) of the free-running counter 
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($19, $1B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register LSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. — 

The free-running counter is configured to $FFFC during 
reset and is.always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


NOTE 


Since the PLM system uses the timer counter, PLM 
results will be affected when resetting this counter. 


OUTPUT COMPARE REGISTERS 


There are two output compare registers: output com- 
pare. register 1 (OCR1). and output: compare register 2 
(OCR2). The output compare registers can be: used for 
several purposes, such as controlling an output wave- 
form or indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the four bytes of the output: compat registers 
can be used as:storage locations. 


NOTE 


The same output compare interrupt enable bit is 
used for the two output compares. 


Output Compare Register 1 


The: output compare register 1.(OCR1) is.a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 
$16 (most significant byte) and $17 (least significant byte). 

The output compare register contents are continually 
compared with the contents of the free-running counter 
and, if a match is found, the corresponding output com- 
pare flag (OCF1, bit 6 of timer status register $13) is set, 
and the corresponding output level (OLVL1) bit is clocked 
to pin TCMP1. The output compare register values and 
the output level bit should be changed after each suc- 
cessful comparison to control an output waveform or 


establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare, provided the 
corresponding interrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare 
register 1 containing the most significant byte ($16), the 
output compare 1 function is inhibited until the least sig- 
nificant byte ($17) is also written. The user must write 
both bytes (locations) if the most significant byte is writ- 
ten first. A write made only to the least significant byte 
($17) will not inhibit the compare function. The free-run- 
ning counter is updated every four internal bus clock 
cycies. The minimum time required to update the output 
compare register 1 is a function of the program rather 
than the internal hardware. . 

The processor can write to either byte of the output 
compare register 1 without affecting the other byte. The 
output level (OLVL1) bit is clocked to the corresponding 
output level register and then to the TCMP1 pin, regard- 
less of whether the output compare flag cee is set or 
clear. 


Output Compare Register 2 


The output compare register 2 (OCR2) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 
$1E (most significant byte) and $1F (least significant byte). 
The function of OCR2 is identical to OCR1, requiring only 
changes of the register locations and control bits in the 
timer status register ($13) to make the OCR1 description 
apply to OCR2. 


SOFTWARE FORCE COMPARE 


The MCU provides a force compare capability to facil- 
itate fixed frequency generation as well as other apoli- 
cations. Bit 3 (FOLV1 for OCR1) and bit 4 (FOLV2 for OCR2) 
in the timer control register ($12) implement this force 
compare. Writing a one to these bits causes the OLVL1 
or OLVL2 values to be copied to the respective output 
registers (TCMP1 or TCMP2 pins). Internal logic allows a 
single instruction to change OLVL1 and OLVL2 and cause 
a forced compare with the new values of OLVL1 and 
OLVL2. 


NOTE 


A software force compare, which affects the cor- 
responding output pin TCMP1 or TCMP2, does not 
affect the compare flag; thus, it does not generate 
an interrupt. 


INPUT CAPTURE REGISTERS 


There are two input capture registers: input capture 
register 1 (ICR1) and input capture register 2 (ICR2). 


NOTE 


The same input capture interrupt enable bit (ICIE) 
is used for the two input capture registers. 


Input Capture Register 1 


Two 8-bit registers that. make up the 16-bit input cap- 
ture register 1 (ICR1) are read-only and are used to latch 
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the value of the free-running counter after the corre- 
sponding input capture edge detector senses:a defined 
transition. The level transition that triggers: the counter 
transfer is defined by the corresponding input edge bit 
(IEDG1). Reset does not affect the contents of the input 
capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay. is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal-bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal: transi- 
tion, regardless of whether the input capture flag (ICF1) 
is set or clear. The input capture register always contains 
the free-running counter value, which corresponds to the 
most recent input capture. 

After a read of the input capture register 1 ($14) most 
significant byte, the counter transfer is inhibited until the 
least significant byte ($15) is also read. This characteristic 
causes the time used in the input capture software routine 
and its interaction with the main program to determine 
the minimum pulse period. 

A read of the input capture register 1 least significant 
byte ($15) does not inhibit the free-running counter trans- 
fer since they occur on opposite edges of the internal bus 
clock. 


Input Capture Register 2 


The input capture register 2 (ICR2) is a 16-bit register 
that is composed of two 8-bit registers at locations $1C 
(most significant byte) and $1D (least significant byte). 
Input capture register 2 functions identically to input cap- 
ture register 1, except that only negative edge sensitivity 
is available. By substituting the appropriate ‘bits in the 
timer status register ($13) and substituting register lo- 
cations, the ICR1 description applies to ICR2. - 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is an 8-bit read/write register, illustrated below 
with a definition of each bit. 


RESET: 
0 0 0 0 0 0 U 0 


U=Uneffected by RESET 

ICIE — input Capture Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled . 

OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 

FOLV2 — Force Output Compare 2 
1=Forces the OLVL2 bit to the eonesponding ane 
~~ lateh 


0=No effect ~ 
FOLV1 — Force Output Compare 1 
1=Forces the OLVL1 bit to the corresponding output 
- latch . 
0=No effect 
OLVL2 — Output Level 2 
1 =The value of the output level 2 bit, which is copied 
to the output level latch by the next successful 
output compare.2, appears at TCMP2 
0=No effect 
IEDG1 — Input Edge 
Value of: input edge determines which level transition 
on TCAP1 pin will trigger free-running counter transfer 
to the input capture register. 
1=Positive edge 
0= Negative edge 
OLVL1 — Output Level 1 
Value of output level 1, which is copied into output 
level register by the next successful output compare 1, 
will appear on the TCMP1 pin. 
1=High output 
0=Low output 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
flag bits. Bits 0-4 always read zero. 


(en [oot [ot Toe Tos = T= T= 


RESET: 
U U U U U _ = _ 


ICF1 — Input Capture Flag 1 
1= Flag set when selected polarity. edge is sensed by 
input.capture edge detector , 
0=Flag cleared when TSR and input capture 1 low 
register ($15) are accessed 
OCF1.— Output:Capture Flag'1 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output. compare 1 low 
register ($17) are accessed 
TOF — Timer Overflow Flag 
1=Flag set when free-running counter transition from 
$FFFF to $0000 occurs 
- 0=Flag cleared when TSR and counter low register 
($19) are accessed _ 
ICF2 — Input Capture Flag 2 
1 =Flag.set when selected polarity aan is sensed by 
input capture 2 edge detector - 
-0=Flag cleared-when TSR and input. capture 2 low 
register ($1D) are accessed 
OCF2.— Output Capture Flag 2 
1=Flag set when output compare register contents 
match the free-running counter contents 
“0=Flag cleared when TSR and output compere low 
register 2 ($1F) are accessed 
Bits 0-2 — Not Used 
Can read either zero or‘one. 
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TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs at the TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags or wake up the MCU, but when 
the MCU does wake up, there is an active input capture 
flag and data from the first valid edge that occurred dur- 
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even if a valid 
input capture edge occurred. 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 
A problem can occur when using the timer overflow func- 
tion and reading the free-running counter at random times 
to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if 1) the timer status 
register is read or written when TOF is set, and 2) the 
least significant byte of the free-running counter is read 
but not for the purpose of servicing the flag. - 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer over- 
flow flag in the timer status register. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCi is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate prescaler. The 
terms baud and bit rate are used synonymously in the 
following description. 


SCI TWO-WIRE SYSTEM FEATURES 


@ Standard NRZ (mark/space) format 

@ Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 


IDLE LINE 


aAaAwmwPraAmn 


*Stop bit is always high. 


@ Full-duplex operation (simultaneous transmit and re- 
ceive) 

@ Software programmable for one of 32 different baud 
rates 

e Different baud rates possible for transmit and receive 

e Software-selectable word length (eight- or nine-bit 
words) 

e Separate transmitter and receiver enable bits 

@ SCI may be interrupt driven 

e@ Four separate interrupt conditions 


SCI RECEIVER FEATURES 
e Receiver wake-up function (idle or address bit) 
@ Idle line detect 
@ Framing error detect 
@ Noise detect 
@ Overrun detect 
@ Receiver data register full flag 


SCI TRANSMITTER FEATURES 


@ Transmit data register empty flag 
® Transmit compiete flag 
@ Break send 


Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data.bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 11. 


WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software 
protocol! will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until! its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle‘string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


CONTROL BIT “M”. - 
SELECTS 8 OR 9 BIT DATA 


AaAmPrPuai]lS 


Figure 11. Data Format 
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RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idie. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
avalid start bit, data bit, or stop bit do.not agree. A noise 
flag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF=1, FE=1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic. one before start. 


SC! SYNCHRONOUS TRANSMISSION 


The SCI transmitter allows a one-way synchronous 
transmission, with the SCLK pin as the clock output. No 
clock is sent to the SCLK pin during the stop and start 
bits. The LCL bit (SSCR1) controls whether clocks are 
active during the last valid data bit (address mark). The 
CPOL bit selects.clock polarity, and the CPHA bit selects 
the phase of the external clock. During idle, preamble, 
and send break, the external SCLK clock is not active. 

These options allow the SCI to control serial periph- 
erals consisting of shift registers without losing any func- 
tion of the SCI transmitter. These options do not affect 
the SCI receiver, which is independent of the transmitter. 

The SCLK pin works in conjunction with the TDO pin. 
When the.SCl transmitter is disabled, the SCLK and the 
TDO pins assume a high-impedance state. 


NOTE 


THE LBCL, CPOL and CPHA bits must be selected 
before the transmitter is enabled to ensure that the 
clocks function correctly. These bits should not be 
changed while the transmitter is enabled. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock (if the same baud rate is used for transmit and 
receive). 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 12. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates for the transmitter and re- 
ceiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 
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Serial Communications Data Register (SCDAT) $11 


The SCDAT is a read/write register used to receive and 
transmit SCI data. 


7 6 5 4 3 2 1 0 


SCD7 | SCD6 | SCD5 | SCD4 | SCD3 | SCD2 | SCD1 | SCDO 


RESET: 
U U U U U U U U 








As shown in Figure 12, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 


Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length, select the wake-up method, and control the op- 
tions to output the transmitter clocks for synchronous 
transmissions. 


7 6 5 4 3 2 1 0 
R8 T8 = M WAKE | CPOL | CPHA Lc | 
U U U 








RESET: 
U U — U U 


R8 — Receive Data Bit 8 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M=1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M=1). 
M — SCI Character Word Length 
1=one start bit, nine data bits, one stop bit 
O=one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select ; 
Wake bit selects the receiver wake-up method. 
1 = Address bit (most significant bit) 
0=Idle line condition 
CPOL - Clock Polarity 
Selects the clock polarity sent to the SCLK pin. 
1=Steady state high outside the transmission win- 
dow 
0=Steady state low outside the transmission win- 
dow 
The CPOL bit should not be changed with the trans- 
mitter active. 
CPHA — Clock Phase 
Selects the clock phase sent to the SCLK pin. 
1=SCLK line activated at the beginning of the data 
bit 
0O=SCLK line activated in the middle of the data bit 
(see Figures 13 and 14) 
The CPHA bit should not be changed with the 
transmitter active. 
LBCL — Last Bit Clock 
Selects whether the clock associated with the last data 
bit transmitted is output to the SCLK pin. 
1=Last data bit output 


0=Last data bit not output 
The last data bit is the eighth or ninth bit, depend- 
ing on whether an 8- or 9-bit format is used (see 
Table 5). 
The LBCL bit should not be changed while the 
transmitter is enabled. 
Bit 5 — Not used 
Can read either one or zero 


Table 5. SCI Clock on SCLK Pin 




















Data Number of 
Format M Bit LBCL Bit Clocks on 
SCLK Pin 





8 Bit 
9 Bit 
9 Bit 
























The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 


Wake M 7: Receiver Wake-Up | 
0 i X Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
_| ister to fill and produce an RDRF flag. 











0 Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 


error flags. ; 
“Sy 
1 1 Detection of a received one inthe ninth data 
2 el. 











bit allows an RDRPF flag and associated error 
flags. | 











Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 


7 6 5 4 Gi: a” 1 0 
[te | tole | rie | ILIE Le | RE | rwu | BK | 
0 








RESET: 
0 0 0 0 0 0 0 
TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled, provided TDRE is set 
0=TDRE interrupt disabled 
TCIE — Transmit Complete Interrupt Enable 
1=SCl interrupt enabled, provided TC is set 
0=TC interrupt disabled 
RIE — Receive Interrupt Enable 
_1=SCl interrupt enabled, provided OR or RDRF is set 
O=RDRF and OR interrupts disabled 
ILIE — Idle Line Interrupt Enable 
1=SCI interrupt enabled, provided IDLE is set 
0=Idle interrupt disabled 
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NOTE: The Serial Communications Data 
Register (SCI SCDAT) is controlled by the in- 
ternal R/W signal. It is the transmit data reg- 
ister when written and receive data register 
when read. 
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Figure 12. SCI Block Diagram 
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IDLE OR START M=0%8 DATA BIT __ STOP IDLE OR 
: — 





TRANSMISSION 


(CPOL=0 CPHA=0) \ | | | | | | 
ee Wee, ce lcs Mis AM, Ne Ne aed 
(CPOL=0 CPHA=1) OS he OS a ee 
CLOCK ! | ae 
(CPOL=1 CPHA=0) | I. 


————— —*| 
PRECEDING == fy 
by 


CLOCK 
(CPOL=1 CPHA=1) ! is ee ew i he fy 
a oe eee ee ee ee 
DATs POX IK ZAKI RAK SEN |) 
START LSB ' MSB STOP ' 
*LBCL Bit Controls Last Data Clock 


Figure 13. SCI Data Clock Timing Diagram (M=0) 





IDLE OR START  M=109 DATA BIT STOP _— IDLE OR 
ee el ee ee ee ee 
PRECEDING 
TRANSMISSION | | NEXT TRANSMISSION 


CLOCK I : TMI PLY LIF _IN7L_I7_-7LE. 
(CPOL=0 CPHA=0) a See re | al ; | 
| : oe oe 
CLOCK | PLAT LPL LE LS LSP. | . 
(CPOL=O0 CPHA=1) | | | | | 


| | oe ee oe ee 
ee — Line tt 
| 3 CJ fi ae 


(CPOL=1CPHA=1) .° | | | . | | | | | | 
| | || | | | | | | \ | 
DATA FoXViXxrzXsKs4s Xs Ke X7Xea/ 


START LSB MSB STOP 
*LBCL Bit Controls Last Data Clock 
Figure 14. SCI Data CLock Timing Diagram (M=1) 
TE — Transmit Enable. . RE — Receive Enable 
1=Transmit shift register output is applied to the TDO 1= Receiver shift register input is applied to the RDI 
. line, and the corresponding clocks are applied to line. 
the SCLK pin. Depending upon the SCCR1 M bit, 0=Receiver disabled and RDRF, IDLE, OR, NF, and 
a preamble of 10 (M=0) or 11 (M= 1) consecutive FE status bits are inhibited. 
ones is.transmitted. RWU — Receiver Wake-Up 
0=Transmitter disabled after last byte is loaded in 1= Places receiver in sleep mode and enables wake- 
the SCDAT and TDRE is set. After last byte is - up function 
transmitted, TDO line becomes a high-impedance - /Q=Wake-up function disabled after receiving data 
line. word with MSB set (if WAKE = 1) 
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Wake-up function also disabled after receiving 10 
(M=0) or 11 (M = 1) consecutive ones (if WAKE = 0) 
SBK — Send Break 

1= Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 

0=Transmitter sends 10 (M=0) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 


7 6 5 4 3 2 1 0 
| Tore [tc | RORF | IDLE Tor [one | FE eal 


RESET: 
1 1 0 0 0 0 








0 <> 


TDRE — Transmit Data Register (TDR) Empty 
1=TDR contents transferred to the transmit data shift 
register 


O=TDR still contains data. TDRE is cleared a reading ~ 


the SCSR, followed by a write to the TDR. 
TC — Transmit Complete 
1=Indicates end of data frame, preamble, or break 
condition has occurred if: 
1. TE=1, TDRE=1, and no pending data, pream- 
ble or break is to be transmitted; or: 
2. TE=0 and the data preamble or break. (in the 
transmit shift register) has been transmitted. 
O=TC bit cleared by reading the SCSR, followed by 
a write to the TDR 
The TC bit is a status register that indicates one of 
the above conditions has occurred. It does not in- 
hibit the transmitter in any way. 
RDRF — Receive Data Register (RDR) Full ' 
1 =Receive data shift register contents transferred to 
the RDR 
0 =Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR, followed 
by a read of the RDR 
IDLE — Idle Line Detect 
1=Indicates receiver has detected an idle line 
0=IDLE is cleared by reading the SCSR, followed by 
a read of the RDR. Once IDLE is cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 
OR — Overrun Error 
1 =Indicates receive data shift register data is ready 
to be sent to a full RDR (RDRF=1). Data causing 
the overrun is lost, and RDR data is not disturbed. 
0=OR is cleared by reading me SCSR, followed by 
a read of the RDR. 


NF — Noise Flag 
1=Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF =1. 
0=NF is cleared by reading the SCSR, followed by 
a read of the RDR. 


_FE — Framing Error 


=Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 

ited until FE is cleared. 
0=FE is cleared by reading the SCSR, followed by a 

read of the RDR. 
Bit O — Not used 
Can read either one or zero 


Baud Rate Register $0D 


The baud rate register selects the SCI transmitter and 
receiver baud rate. The SCP1 and SCPO prescaier bits are 
used in conjunction with the SCR2-SCRO bits to generate 
the receiver baud rate and in conjunction with the 
SCT2-SCTO baud rate bits to generate the transmitter 
baud rate. 

Tables 6 and 7 tabulate the divide chain used to obtain 
the baud rate clock (transmit or receive clock). The actual 
divider chain is controlled by the combined SCP1-SCPO 
and SCR2-SCRO or SCT2-SCT0 bits in the baud rate reg- 
ister. The divided frequencies shown in Table 6 represent 
the final baud rate that results from prescaler division 
only (SCR or SCT bits all zero). Table 7 lists the prescaler 
output frequency divided by the action of the SCR or SCT 
bits. 

For example, assume that 9600-Hz baud rate is desired 
from a 2.4576-MHz system clock crystal. The prescaler 
bits could be set for either a divide-by-one or divide-by- 
four. If a divide-by-four prescaler is used, then the SCR 
and SCT bits must be set. for divide-by-two. The same 
result, using the same crystal frequency, can be obtained 
with a prescaler divide-by-one and SCR and SCT bit di- 
vide-by-eight. 








7 6’ 5 4° 3 2 1 0 
| scp1 | scpo | scT2 | scti | scto | scr2 | ScR1 | SCRO 
RESET: 

0 0 U U U U U U 





SCP1-—SCPO — SCI Prescaler Bits 1 and 0 

These two prescaler bits are used to increase the 

~ range of standard baud rates controlled by the SCT2- 
SCTO and SCR2-SCRO bits. Prescaler internal pro- 
cessor clock division versus lt levels are: snewn in 
Table 6. 

SCT2-SCTO — SCI Transmit Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-—SCPO0, are used to select the SCI transmit baud 
rate. Baud rates versus bit levels are listed in Table 
7. 
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Table 6. Prescaler Highest Baud Rate Frequency Output 











Crystal Frequency MHz 








4.194304 
131.072 kHz 










125.000 kHz 


43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
10.082 kHz 5.907 kHz 4800 Hz 4430 Hz 










1.8432 
57.60 kHz 























76.80 kHz 62.50 kHz 








*Refers to the internal processor clock. 


9600 Hz. 





NOTE: The divided frequencies shown in Table 6 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 


Table 7. Transmit Baud Rate Output for a Given Prescaler Output 














=) 






































SCR‘T Bits Divided Representative Highest Prescaler Baud Rate Output 
By 131.072 kHz a 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz | 
0 0 131.072 kHz 32.768 kHz i 76.80 kHz 19.20 kHz 9600 Hz 
0 0 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 1 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
0 1 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
1 0 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 2.048 kHz “512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1.024 kHz 256 Hz 600Hz | “150 Hz 75 Hz | 














NOTE: Table 7 illustrates how the SCI select bits can. be used to provide lower transmitter or receiver baud rates by further dividing 
the prescaler output frequency. The five examples are only representative samples. {n all.cases, the baud rates shown are 
transmit baud rates (transmit ciock), and the receive clock is 16 times higher in frequency than the actual baud rate. 


SCR2-SCRO — SCI Receive Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCPO, are used to select the SC! receive baud 
rate. Baud rates versus bit levels are listed in Table 
7. 


Load Program in RAM and Execute 


This function is entered if the following conditions are 
met when reset is released: ; 
IRQ is at Vpp +4 V for at least two machine cycles after 
reset 
TCAP1 is at Vpp for at least two machine cycles after 
reset 
PD3 is at Vpp for at least 30 machine cycles after reset 
PD4 is at VS¢ for at least 30 machine cycles after reset 
User programs are loaded into RAM using the SCI port 
and then executed. Data is loaded sequentially, starting 
at RAM location $50, until the last byte is loaded. Program 
control is then transferred to the RAM progam starting 
at location $51. The first byte loaded is the count of the 
number of bytes in the program plus the count byte. The 


program starts at the second byte in the RAM. During: 


firmware initialization, the SCl is configured for the NRZ 
format (idle line, eight data bits, and stop bit). The baud 


rate is 9600 with a 4-MHz crystal. Figure 15 shows a sche- . 


matic for the load program in RAM and execute function. 
Immediate execution can be avoided by setting the 


byte count to a value greater than the length of data 
loaded, which causes the firmware to wait for additional 
data after loading is complete: Resetting the MCU then 
allows entering any routine without disturbing the RAM 
data that was loaded. 


Jump to Any Address 


This function is entered if the following conditions are 
met when reset is released: 
IRQ is at Vpp + 4 V for at least two machine cycles after 
reset 
TCAP1 is at Vpp for at least two machine cycles after 
reset 
_ PD3 is at Vpp for at least 30 machine cycles after reset 
PD4 is at Vpp for at least 30 machine cycles after reset 
To execute the jump to any address function, port A 
data input should be $CC, and port B and C should be 


the MSB and LSB, respectively, of the address desired 


for the jump. Figure 16 shows a schematic for the jump 
function. 


PULSE-LENGTH D/A CONVERTERS 


The pulse-length D/A converter (PLM) works in con- 


junction with the timer to execute two 8-bit conversions 
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Pl 
= O} GNo 
5V 
9V 
10K 
RESET 
eo 
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RS232 LEVEL TRANSLATOR 
SUGGESTED: 


MC 145486 OR MAX232 
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RS323 9506 Bd 





24 
25 
26 
275 
28 
295- 
30 
31 





PAI PLMA 
PAO 
PLMB ul 
51 
3 SCLK 
33 
34 
35 
36 
37 
_ 38 
39 


PB? 
PBE 
PB5 


52 


MC68HCO5B6 MCU 


TDO 
50 


CONNECT AS REQUIRED FOR THE APPLICATION 


42 
43 
44 
45 
46 
47 
48 
49 





NOTE: Pin numbers are valid for the 52-pin PLCC packge only. 


Figure 15. Load Program in RAM and Execute Diagram | 
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~ MC68HCOSB6 MCU 


CONNECT AS REQUIRED FOR THE APPLICATION | 


- SELECT REQUIRED ADDRESS 


NOTE: Pin numbers are valid for 52-pin PLCC package only: 


Figure 16. Jump to Any Address Diagram 
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with a choice of two repetition rates. The outputs are 
pulse-length modulated signals whose duty-cycle ratio 
may be modified. These signals can be used directly as 
PLM, or the filtered average values can be used as gen- 
eral-purpose analog outputs. 


Registers PLMA and PLMB contain the pulse-length 


values for the two PLMs. A value of $00 results in a con- 
tinuously low output from the D/A. A value of $80 results 
ina 50-percent duty-cycle output, and a value of $FF gives 
an output that is a logic 1 for 255/256 of the cycle. When 
the MCU writes to the PLMA or PLMB register, the D/A 
picks up the new value at the end of a complete conver- 
sion cycle. A monotonic change in the dc component of 
the output results, without overshoots or vicious starts 
(a vicious start is an output that gives totally erroneous 
output during the first cycle following an update of the 
registers). WAIT mode does not affect the output wave- 
form of the D/A converters. 


NOTE | 


Since the PLM system uses the timer counter, PLM 
results will be affected while resetting the timer 
counter. 


Figure 17 shows a block diagram of the PLM system. 








PLMA (0A) 

7 6 5 4 3 2 1 0 
PLMA7 | PLMA6 | PLMAS | PLMA4 | PLMAS | PLMA2 | PLMA1 | PLMAO 
RESET: 

0 0 0 60 0 0 0 0 
PLMB (0B) 

7 6 5 4 3 2 1 0 
[ pume7 | pumes | PLMB6 | PLMBS | PLMB4 | PLMB3 | PLMB2 | PLMB1 | pumeo | 
RESET: 

0 0 0 0 . 0 0 0 0 


Miscellaneous (0C) 











7 6 5 4 3 2 1 0 
| SFA SFB | _ _ 
RESET: ; 


0 0 _— = 





SFA — Slow/Fast Control for PLMA Clock 
1=Slow speed of PLMA used (4096 times the timer 
clock period) 
0=Fast speed of PLMA used (256 times the timer 
clock period) 


DATA BUS 


8 


PLMA 
REGISTER 


A REGISTER 
BUFFER 


A 
COMPARATOR 
PLMA R 
D/A LATCH 
PIN S$ 


ZERO 
DETECTOR 
FSA 
BIT 









8 
PLMB 
REGISTER 
B REGISTER 
BUFFER 
B 
COMPARATOR 


R PLMB 
LATCH D/A 
S PIN 


ZERO 
DETECTOR 
FSB 
BIT 


TIMER BUS 
FROM TIMER 


Figure 17. PLM Block Diagram 
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SFB — Slow/Fast Control for PLMB Clock 
1=Slow speed of PLMB used (4096 times the timer 
clock period) 
0=Fast speed of PLMB used (256. times the timer 
clock period) 


NOTE 


The highest speed of the PLM system corresponds 
to the frequency of the TOF bit being set, multiplied 
by 256. The slowest speed of the PLM system cor- 
responds to the frequency of the TOF bit being set, 
multipled by 16. 


The SFA and SFB bits are not double buffered; there- 
fore, these bits must be selected before writing to either 
PLM register to avoid temporary wrong values from the 
PLM outputs. Figure 18 shows some examples of the PLM 
output waveforms. 


A/D CONVERTER 


The A/D converter system consists of an 8-bit succes- 
sive approximation converter and a 16-channel multi- 
plexer. Eight of the channels are available for output, and 
the other eight channels are dedicated to internal test 
functions. There is one 8-bit result data register (address 
$08) and one 8-bit status/control register (address $09). 


NOTE 


In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HCO0S5B6 is reduced to six pins 
(PD5-PDO, AN5-ANO). This change has no effect on 
either programming or operation of port D or the 
A/D converter. 


The reference supply for the converter uses dedicated 
input pins instead of the power supply lines, because 
drops caused by loading in the power supply lines would 
degrade the accuracy of the A/D conversion. An internal 
RC. oscillator is available if the bus speed is low enough 


to degrade the A/D accuracy. An ADON bit allows the A/ 
D to be switched off to reduce power consumption, which 
is particularly useful in the WAIT mode. 

For ratiometric conversions, the source of each analog 
input should use VRH as the supply voltage and be ref- 
erenced to VR:. An input voltage greater than or equal 
to VRH converts as $FF (full scale) with no overflow in- 
dication. An input voltage equal to Va, converts as $00. 
The conversion is monotonic with no missing codes. 


A/D STATUS/CONTROL REGISTER ($09) 





7 6 5 4 3 2 1 0 
coco | aprc | apon} o | cH3 | cH2 | cHI | CHO 
RESET: 
0 0 0 0 0 0 0 0 


COCO — Conversion Complete 
1=Conversion is complete; a new result can be read 
from the result data register ($08). 
0=No conversion since last reset 
ADRC — A/D RC Oscillator Control 
1=A/D uses RC clock 
0=A/D uses CPU clock 
When the RC oscillator is turned on, it requires a 
time tadrc to'stabilize, and results can be inaccur- 
ate during this time. 
ADON — A/D On 
1=A/D enabled 
0=A/D disabled . 
When the A’D is turned on, it requires a time taDON 
for the current sources to stabilize, and results can 
be inaccurate during this time. 
CH3-CHO — Channel 3 through Channel! 0 
These bits select the AD channel assignment (see 
Table 8). 


NOTE 


Using one or more pins of PD7.AN7-PDO’ANO as 
analog inputs does not affect the ability to use port’ 
D inputs as digital inputs. However, using port D 





T= 4CPU Clocks Fast Mode 
T=64 CPU Clocks Slow Mode 


Figure 18. PLM Output Waveform Examples 
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for digital inputs during an analog conversion se- 
quence. may inject-noise on the analog inputs and 
reduce the accuracy of the A/D result. 

Performing a digital read:of port D with levels 
other than Vpp or Vss on the inputs causes greater 
than normal power dissipation during the read and 
may give erroneous results. 


Table 8. A/D Channel Assignments 






Channel Selected 


ANO, Port D Bit 0 
AN1, Port D Bit 1 
AN2, Port D Bit 2 

AN3, Port D Bit 3 . 


AN4, Port D Bit 4 
ANS, Port D Bit 5 
ANG, Port D Bit 6 
__ |AN7, Port D Bit 7 
VRH Pin (High) 
((VRH) + (VRL))/2 
Vrt Pin (Low) 
VRL-Pin (Low) 
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car 
1 Ve\t Pin (Low) 
1 Vat Pin (Low) 
1 VAL Pin (Low) 
he A of {1 [VRE Pin (Low) 
INSTRUCTION SET 


The MCU instructions can be divided into five different 
types: register/memory, read-modify-write, branch, bit 
manipulation, and control. The following paragraphs 
briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction. allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 

















a ey 
— = OO 














IN: Not.affected 
| |Z: Not affected 
C: Cleared 


: i - 1 
Operation Esa aX-A _| 
; Description | Multiplies the eight bits in the index register | 
| | by the eight bits in the accumulator to obtain | 
a 16-bit unsigned number in the concatenated 1 

a | accumulator and index register Z 
: Condition |H: Cleared | 
| Codes 1: Not affected | 
| 






Source 








Form(s) MUL 
is —TF | ae 
Addressing 
Mode Cycles Bytes Opcode 








| Inherent | 1 cae iiibe |p e $42 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 








other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to. the following instruction list. 





















































Function ; Mnemonic 

Load A from Memory LDA 
Load X from Memory LDX | 
Store A in Memory STA 
Store X in Memory - 
Add Memory to A ADD 

| Add Memory and Carry toA ADC 

| Subtract Memory ; te SUB _| 
Subtract Memory from A with Borrow SBC _ a 
AND Memory to A AND , 
OR Memory with A ey ORA 

Exclusive OR Memory with A EOR = 
Arithmetic Compare A with Memory CMP 
Arithmetic Compare X with Memory CPX 
Bit Test Memory with A (Logical Compare) BIT = 
Jump Unconditional 4 ~ JMP _| 
Jump to Subroutine pf JSR 





BRANCH INSTRUCTIONS 


This set of instructions: branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions, are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 
























































Function enue ] 
Branch Always BRA ; 
Branch Never ; . i BRN 
Branch if Higher : eae BHi 
Branch if Lower or Same ay BLS 
Branch if Carry Clear BCC 
Branch if Higher or Same BHS 
- Branch if Carry Set Bcs__| 
Branch if Lower is BLO =| 
Branch if Not Equal BNE 
Branch if Equal neg 
Branch if Half Carry Clear BHCC 
Branch if Half Carry Set BHCS 
Branch if Plus i BPL | 
Branch if Minus BMI 
Branch if Interrupt Mask Bit is Clear BMC 
Branch if Interrupt Mask Bit is Set BMS | 
Branch if Interrupt Line'is Low BIL 
Branch if Interrupt Line is High TBH 
Branch to’ Subroutine BSR 


ee ae Na ae OD Pe Be So Ce ae ae 
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READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 








the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 





al 


i Mnemonic | 


BRSET n (n=0... 7) 
BRCLR n (n=0...7) 


Function 





Branch if Bit n is Set 





Branch if Bit n is Clear { 






























































CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 




















































Function Mnemonic 

Transfer A to X 

ig Transfer X to A 
Set Carry Bit | SEC 
Clear Carry Bit | CLC 
Set Interrupt Mask Bit ni SEI 
Clear Interrupt Mask Bit CLI 

ean ae 

Software Interrupt SWI 
Return from Subroutine ia RTS 
Return from Interrupt ‘i RTI 

| Reset Stack Pointer | RSP 
No-Operation L NOP 
Stop . if. STOP 
Wait _|_ WAIT 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional! 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 


Tost ae 
Function Mnemonic Set Bit n BSET n (n=0...7) 
b j— — - 7 
Increment INC | Clear Bit n BCLR n (n:0...7) 
Decrement D DEC 
Clear [cur OPCODE MAP SUMMARY 
Complement COM | Peas is an opcode map for.the instructions used on 
r a . . 
Negate (Twos Compiement)} NEG - 
Rotate Left Thru Carry {ee ROL 1 
Rotate Right Thru Carry L ROR ADDRESSING MODES 
Logical Shift Left | LSL 
Mee, 
I Logical Shift Right LSR The MCU uses ten different addressing modes to pro- 
Arithmetic Shift Right ASR vide the programmer with an opportunity to optimize the 
i - 12 code for all situations. The various indexed addressing 
Test for Negative or Zero {TST modes make it possible to locate data tables, code con- 
Multiply | MUL | version tables, and scaling tables anywhere in the mem- 


‘ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


in the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


__ Inthe extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction, When using 


_ the Motorola assembler, the user need not specify whether 


an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 
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Table 9. Opcode Map 





































































































Bit Manipulation Branch Read-Modify-Write ’ Control f Register/Memory = 
BTB BSC REL DIR INH INH She 1X1 x INH INH IMM DIR EXT 1X2 1X1 1X 
ae 0 1 2 3 4 5 6 7 8 9 A B c D E F HI a 
ES 0001 0010 0011 0100 0101 0110 ot) 1000 1003 1010 1011 1100 1103 1110 11 
6 3 5 3 3 6 S 9 2 3 4 5 4 3 
2 BSC} 2 REL|2 DIR} 1 (NH} 1 INH} 2 IX] t IX] 1 INH 2 IMM] 2 DIR} 3 EXT}3 IX2}2 Ixt}1 1X 
5 3 6 
BRN RTS 
BSC} 2 REL ot iNH 2 
= VW 
BHI MUL 
REL 1 INH { 
3 | 6 ot iol 
BLS COM COMA COMX COM COM Swi 
RELJ2 OR} 1 INH} 7 INH] 2 1X3} 1 IX j) INH 
co SR 7 SRA LSRX LSR | sR 
B L L 
Ret|2 oie) 1 INH | 1 INH{ 2 ixtfa x] | 
3 
BCS 3 ae 
REL 
ak 
3 Bl “| 3 6 sf 
BNE ROR RORA RORX ROR al ROR 
REL|2 OR] 1 INH]? INH {2 X14 1 IX 
om ; AS : SRA ‘ ASR : ASR i‘ ASR : TAX 
BE ASR ASR x 
REL|2 DIR} t INHj1 INH}2 map IX 1 
= fe nical ue |_ ot iT 
BHCC LSL LSLA LSLX LSL LSL CLC 
REL} 2 DIR} 1 INH} 1 INH] 2 sei x] 1 
a{ BI 3 3 6 5 ~] 
BHCS ROL ROLA ROLX ROL ROL SEC 
REZ Dini INH }} INH |2 IXt}1 xl 1 
3 5 3 ~sI 6 5 | 
BPL DEC DECA DECX DEC DEC CLI 
aewfo ova} INA iNH]2 IX1] # IX 1 
; i 7 
BMI SE! 
REL — fe | i eet + + 
3 5 . 3 3 6 
BMC INC INCA INCX INC INC RSP 
REL|2 DIR} 1 wil INH | 2 atl = i 
3 4 3 3 5 4 
BMS TST TSTA TSTX [ TST TST NOP 
REL}2 DIR}? INH] 1 iNH| 2 X91 IX 1 
3 4 Za a r i 7 
BIL STOP 
REL 1 INH 
as | [ae Fy an — aR 
BIH CLR CLRA CLRX CLR CLR WAIT TXA 
REL|2 OR} 1 INH|1 INH]2 X11 x [7 INH {1 
Abbreviations for Address Modes LEGEND 
INH Inherent REL Relative Opcode in Hexadecimal 
A Accumulator BSC. Bit Set/Clear 
X Index Register BTB Bit Test and Branch ; ; 3 =, Opcode in Binary 
IMM Immediate ; IX Indexed (No Offset) eee 
DIR Direct 7 IX1 Indexed, 1 Byte (8-Bit) Offset ytes 
EXT ~° Extended 1X2 indexed, 2 Byte (16-Bit) Offset Cycles Addtess Mode 
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RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


Inthe indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 


the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction Is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the contro! instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 








This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Voyt be 
constrained to the range Vss = (Vin Or Vout) = 
mA Vpp. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 


Rating ‘Symbol 





Supply Voltage 
Input Voltage 









Self-Check Mode (IRQ Pin Only) 
2x Vpp + 0.5 







Current Drain Per Pin Excluding 
Vppb and Vss 





























—— : 
Operating Temperature Range Ty to TH °C moliegs laveliengy citer Vos OF MDD): 
MC68HCOSBE6P, FN (Standard) 0 to +70 
MC68HCOS5BECP, CFN (Extended) -40 to +85 
MC68HCO5B6MP, MEN (Automotive) -40 to +125 
| 1 
Storage Temperature Range Tstg- | ~65 to +150 °C 





THERMAL CHARACTERISTICS 





















Characteristic Value Unit 

Thermal Resistance °C/W 
Plastic : 40 
Plastic Leaded Chip Carrier (PLCC) 50 








Vpp=4.5 V 


Vpp 













| PA7~PAO, 
PB7-PBO, 
PC7-PCO, 
TCMP1 


TCMP2 


TDO, SCLK, 
PLMA, PLMB 


3.26 kQ R2 


(SEE TABLE) 


TEST 
POINT 





Ri 


2.26 kQ (SEE TABLE) 








(SEE 
TABLE) 





Vpp =3.0 V 





mi | mw | c | 
















PA7-PAO, 10.91 kQ | 6.32 kQ 50 pF 
PB7-PBO, 

PC7-PCO, 

TCMP1, 

TCMP2 


TDO, SCLK, 
PLMA, PLMB 





6 kQ 6 kt? 200 pF 


Figure 19. Equivalent Test Load 
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POWER CONSIDERATIONS 
The average chip- junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp * ea) (1) 
where: 
Ta = Ambient Temperature, °C 
OA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pintt+Pvo 
Pint  =!cecxVec, Watts — Chip Internal Power 
PO = Power Dissipation on Input and Output 


Pins — User Determined 


DC ELECTRICAL CHARACTERISTICS (Vpp = 5.0 Vdc + 10%, Vsg 


Characteristic 





Output Voltage, ILgaq<10.0 pA 


Output High Voltage 
(Load = 0.8 mA) PA7-PAO, PB7—PBO, PC7-PCO, TCMP1, TCMP2 
(Load = 1.6 mA) TDO, SCLK, PLMA, PLMB 


Output Low Voltage 
(Load = 1.6 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2, 
PLMA, PLMB, TDO, SCLK 
RESET 


Input High Voltage —_ 
PA7-PAO, PB7-PBO, PC7-PC0O, PD7-PDO, TCAP1, TCAP2, IRQ, 
RESET, OSC1, RDI 


Input: Low Voltage ons 
PA7-PAO, PB7—PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 
RESET, OSC1, RDI 





b 





For most applications P),Q<P)jy7 and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pio is neglected): 


Pp =K+(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
—K=Ppe (Ta + 273°C) + by arPp2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


=0 Vdc, TA=TL to TH, unless otherwise noted) 




















Supply Current {see Notes) 
RUN (SM =0) 
RUN (SM =1, teyc =8 pS) - 
WAIT (SM =0) 
WAIT (SM=1, teye= 8 us) 
STOP 
0 to 70 (Standard) 
— 40 to 85 (Extended) 
— 40 to 125 (Automotive) 


VO Ports Hi-Z Leakage Current. 
PA7-PAO, PB7-PBO, PC7-PC0, TDO, RESET, SCLK 


Input Current 
{ROQ, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-PDO/ANO (A/D off) 
PD7/AN7-PDO/ANO (A/D on) 


Capacitance 
Ports (as Input or Output: RESET 
TDO, SCLK 
IRQ, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-PDO/ANO (A/D off) 
PD7/AN7-PDO/ANO (A/D on) 


NOTES: 
1. All values shown reflect average measurements. 

















Symbol Min Typ Max | Unit 
VOL — _ 0.1 Vv 
-VOH: Vpp —- 0.1 = = ; 
VOH V 
Vpp—9.8 | VDD-0.4 = 
Vpp-9.8 | yop - 90.8 — 
VOL V- 
— 0.1 0.4 
— 0.4 1.0 
ViH 0.7xVpp —_ | Vpb Vv 
VIL Vss _— 0.2xVpp V 
'DD 7a 
— 3.5 9 mA 
= 0.5 2 mA 
—_ 1 4 mA 
_ 0.35" 1 mA 
_— 2 10 pA 
_ = 20 pA 
_— —_— 50 nA 
le _ 0.2 +1 pA 
i 0.2 1 ie 
es +0.2 “1 
— +10 TBD 
pF 
Cout as = 12 
in = — 
in _ 22 TBD 








2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Ipp: Only timer system active (TE =RE=0). If SCI active (TE =RE=1) add 10% current draw. 

4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fog¢=4.0 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C_ = 20 pF on OSC2. 

5. Wait, Stop Ipp: All ports configured as inputs, Vj, =0.2 V, Viy=Vpp — 0.2 V. 

6. Wait Ipp is affected linearly by the OSC2 capacitance. 


TBD — To be determined. 
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DC ELECTRICAL CHARACTERISTICS (Vpp =3.3 Vdc + 10%, Vgg =0 Vdc, Ta=T|, to Ty, unless otherwise noted) 








: ; Characteristic Symbol Min | Typ Max Unit 
Out 


utput Voltage, || 9aq=10.0 pA : VOL = = 

: : VOH Vpp-0.1 ates | 

| Output High Voltage VOH Vv 
—+ 








(Load = 0.2 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 Vpp-0.3 | Vpp-0.1 |. — 
|__ (Load =0.4 mA) TDO, SCLK, PLMA, PLMB | Vpp-0.3 | Vpp-0.1 = 


Output Low Voltage VOL 
(ILoad =0.4 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2, — 0.1 0.3 
PLMA, PLMB, TDO, SCLK 


RESET | — 0.2 0.6 
—+——___—4 + + ______| 

Input High Voltage VIH 0.7xVpD = VppD 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRO, 


RESET, OSC1, RDI 


nut Low Voltage 
PA7-PAO, PB7-PBO, PC7-PCO, PD7- PDO, TCAP1, TCAP2, IRO, 


RESET, OSC1, RDI : et 
Supply Current (see Notes) IDD 


RUN (SM =0) — 1.2 5 mA 
RUN (SM = 1, teyc=8 us) _ 0.2 1 mA 
WAIT (SM = 0) —_— 0.4 2 mA 
WAIT (SM = 1, teyc =8 ps) — 0.15 0.5 mA 
STOP 
0 to 70 (Standard) — 1 ; 10 ~ pA 
- 40 to 85 (Extended) _ _ 10 pA 

~ 40 to 125 (Automotive) — _ 30 pA 


{— 
[| O Ports Hi-Z Leakage Current +0.2 = 
PA7—PAO, PB7—PBO, PC7-PCO, TDO, RESET, SCLK 


Input Current 

IRO, TCAP1, TCAP2, OSC1, RDI 
PD7. AN7—PDO/ANO (A:D off) _ 
PD7:AN7-PDO/ANO (A‘D on) 


Capacitance 
Ports (as Input or Output), RESET, TDO 
TDO, SCLK 
IRQ, TCAP1, TCAP2, OSC1, RD! 
PD7;AN7-PDO,ANO (A/D off) 
PD7:AN7-PDO/ANO (A‘D on) 





< 








< 





=F fo —| 
VIL Vss _ 0.2 x Vpp 


< 

















































NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. : 
3. Wait Ipp: Only timer system active (TE =RE=0). If SCI active (TE=RE=1) add 10% current draw. 
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fgos¢ = 4.0 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop Ipp: All ports configured as inputs, Vip =0.2 V, ViW=Vpp — 0.2 V. 
6. Wait Ipp is affected linearly by the OSC2 capacitance. 


TBD — To be determined. 
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A/D CONVERTER CHARACTERISTICS (Vpp =5.0 Vde + 10%, Vgg =0 Vdc) 


Number of bits resolved by the A/D ° 


Non-Linearity Maximum deviation from the best straight line through the 


A/D transfer characteristics (VRH=Vpp and Vp, =0 V) 


equivalent of the binary code output code for all errors 
| Conversion Range | Analog input voltage range VRH 
| vpp+01 | ov | 


Minimum analog reference voltage 
Conversion Time 






























Total time to perform a single analog to digital! conversion 
a. External Clock (XTAL, EXTAL) 











Monotonicity 

































b. Internal RC oscillator : 
Conversion result never decreases with an increase in input Guaranteed 
voltage and has no missing codes 
Sample Acquisition Time Analog input acquisition sampling 
(see Note 1) a. External Clock (XTAL, EXTAL) 
input Leakage Input leakage on A/D. pins PD7/AN7-PDO/ANO, Vr-. VRH pA 
(see Note 2) ae : 
NOTES: 


Zero-Input Reading Conversion result when Vin = VRL BOON - «I 
Be: teye 
b. Internal RC oscillator : 12 
1. Source impedances greater than 10K ohm will adversely affect internal RC. charging time during input sampling. 


Full-Scale Reading Conversion result when Vin = VRH 

. LS 
Sample/Hold Capacitance | Input capacitance on PD7/AN7—PD0/ANO | — | 12 | pe | 
2. The external system error caused by input leakage current is approximately equal to the product of R source and input current. 
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CONTROL TIMING (Vpp = 5.0 Vde + 10%, Vgg =0 Vdc, Ta = Ty to TH) 
Characteristic 


Frequency of Operation 
Crystal Option = 
External Clock Option 





Internal Operating Frequency 


Crystal (fgg¢/2) 
External Clock (fog¢/2) 


Cycle Time (see Figure 21) 





Crystal. Oscillator Startup-Time (see Figure 21) 





. Stop Recovery Startup Time (Crystal Oscillator) 








External RESET input Pulse Width (see Figure 21) = OS - TRE 1.5 — teye 
Power-On RESET Output Pulse Width tL teye 
4064 Cycle Option 4064 _— 
[ 16 Cycle Option : 16 = 





peers RESET Output Pulse Width - . 7 a ; ; tDOGL _ te . 
Watchdog Time-Out oe . a 6144 | 7168 | toy 











EEPROM Byte Erase Time 4.3 tERA oo [ams 
~ -0 to 70 (Standard) ; " ; 10°; = 

~40 to 85 (Extended) * : ; 10 _ 

-—40 to 125 (Automotive) na * ee 10 _ 
EEPROM Byte Programming Time a een : | _TPROG © 


0 to 70 (Standard) 
40 to 85 (Extended) : 
| —40 to 125 (Automotive) 























Timer 
Resolution** = Ma A aa a tRESL |. 
input Capture Pulsé Width (see Figure 20) ee 9 tra tte 
‘Input Capture Pulse Period (see Figure 20) tT tte : 
Interrupt Pulse Width (Edge-Triggered) tiLIH | ons | 
Interrupt Pulse Period TILIL 
OSC1 Pulse Width , toH: toL | 90 | | ons | 
NOTES: 
*The minimum period ty, j_ should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 toyc- 


**Since a 2-bit prescaler in the timer must count four internal cycles (tcy¢), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tT_TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. 


EXTERNAL nn | au — —| mt | 
SIGNAL 
(TCAPI, 


TCAP2) 


Figure 20. Timer Relationship 
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CONTROL TIMING (Vpp =3.3 Vdc + 10%, Vgg =0 Vdc, Ta=Ty to Ty) 


Frequency of Operation fosc MHz 
Crystal Option 
External Clock Option 








Internal Operating Frequency MHz 


Crystal (fog¢/2) 


















































External Clock (fosc/2) 
Cycle Time (see Figure 21) ! ns 
Crystal Oscillator Startup Time (see Figure 21) ms 
Stop Recovery Startup Time (Crystal Oscillator) | ms | 
External RESET Input Pulse Width (see Figure 21) teyc 
Power-On RESET Output Pulse Width teyc 

4064 Cycle Option 

16 Cycle Option 
Watchdog RESET Output Pulse Width teyc 
Watchdog Time-Out teyc 
EEPROM Byte Erase Time ms 

0 to 70 (Standard) 

— 40 to 85° (Extended) 

— 40 to 125. (Automotive) 
EEPROM Byte Programming Time... : ee : tPROG ms 

0 to 70 (Standard) ; My ah 30 = 

~ 40 to 85. (Extended) i TBD. — 


— 40 to 125 (Automotive). , . ve | TBD = 


Timer 
Resolution** 


Input Capture Pulse Width (see Figure 20) 
Input Capture Pulse Period (see Figure 20) 


Interrupt Pulse Width (Edge-Triggered) ue Me tILIH 250 _ ns 




















Interrupt Pulse Period TLL: ‘i — teye 
OSC1 Pulse Width | | Z tonto. | 200 | — | ns | 
NOTES: ; ; 
*The minimum period HLL should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 tye. 


**Since a 2-bit prescaler in the timer must count four internal eyes {teyc), this is p the limiting minimum factor in determining the 
timer resolution. 
***The minimum period {TUTE should not be less piran the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. : 
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VLVd HOSSAD0UdOHOIN VIOHOLOW 








'VDDR 





voo Wop TMESHOLD (2H THRCAL 
| 


! DE ANUILILLLLLLLILLLIILLLLI TILL TLLLALLALLAAALLLLL LLL 








osci** 
ItOxoV , 4064 t 
see 
{ | ' 
1 | re tcyc 
INTERNAL 
PROCESSOR 
CLOCK* 


INTERNAL 
ADDRESS 
BUS* 
“oak Gy ey a = ea = es é (Po @ & 
Bus* CODE CODE 
tRL 
RESET 


*Internal timing signal and bus information not available externally. 
**QSC1 line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 





Figure 21. Power-On Reset and RESET. 


9ES0DH8990IN 


MC68HCO5B6 


ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MS*-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 Maes 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, asales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS. disk file), pro- 
grammed with the customer’s program may be submit- 
ted for pattern generation. The diskette should be clearly 
labeled with the customer’s name, data, project or prod- 
uct name, and the name of the file containing the pattern. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fiton one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805B6 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0800 through $1EFF with 
vectors from $1FFO to $1FFF. All unused bytes, including 
the user’s space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MS is a trademark of Microsoft, Inc. 


xxx = Customer !D 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HCO5B6 device. 




















Package Type | Temperature {uc Order Number 
Plastic 0°C to + 70°C MC68HCO5B6P 
(P Suffix) —40°C to +85°C | MC68HCOSB6CP 
elt 40°C to + 125°C | MC68HCOSB6MP 
PLCC 0°C to + 70°C MC68HCO5B6FN 
(FN Suffix) —40°C to +85°C | MC68HCO5B6CFN 
_{| -40 C to +125°C | MC68HCOS5BEMFN 





IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


52-Pin PLCC 


U PDS/ANS 
J PD6/AN6 
J PD7/AN7 





















“1D TDO 
> D PC2/ECLK 


~ 
nn 
+ ~ 


VRH PC3 
PD4/AN4 PC4 
Vpp PC5 
PD3/AN3 ‘PCE 
PD2/AN2 PC7 
-PDT/AN1 Vss 
PDO/ANO Vpp1 
NC PBO. - 
OSC1 PBI 


_ 08C2 
RESET 
TRO 
'PLMA D/A 


PB2 
PB3 
PB4 
PB5 


= 





Pee SB eee eF mt eee eee ee ee ee eS 
Ir-NnmrwownrterenrnneoQqnrwo 
=~Ooaqtcatadadaedtiedqaqteactcmama 
Qaqqaacanctantaaqgaa 
aP Pe 

= 

at 
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48-Pin Dual-in-Line Package 





TDO 1 SCLK 
TCMP2 2 RDI 
TCMP1 3 PCO 

PDS/AN5 4 PCi 

Va. C5 PC2 

Vey C6 PC3 

PD4/AN4 7 PC4 
Vpp G8 PC5 
PD3/AN3 9 PC6 
PD2/AN2 PC7 
PDI/AN1 Vss 
PDO/ANO Vpp} 
OSsci PBO 
OSc2 PBI 
RESET PB2 
ikd PB3 

PLMA D/A PB4 
PLMB D/A PB5 
TCAP1 PB6 
TCAP2 PB7 

PAT PAO 

PAG PAI 

PA5 PA2 

PA4 PA3 





ee ee eae 
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TECHNICAL DATA MC68HC05C2 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HCO5C2 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 













@ On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
@ Memory-Mapped I/O 
@ 176 Bytes of On-Chip RAM 
@ 2096 Bytes of User ROM 
@ 24 Bidirectional I/O Lines and 7 Input-Only Lines 
e Self-Check Mode 
@ Power-Saving STOP, WAIT, and Data Retention Modes 
@ Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
@ Fully Static Operation 
@ 8x8 Unsigned Multiply Instruction 
BLOCK DIAGRAM 
TCMP OSC1 Osc2 
interal Internal 
TCAP Timer pcg Oscillator Processor 
System ae Clock — 
+ RESET 
iRO 
PAO PCO 
PAI Accumulator PC 
PA2 
Port CPU PC2 
A PAS Port | Data Index Control Data ea PC3 oe 
1/0 pas A Dir Register oir PC4 1/0 
Lines PAS Reg | Reg Reg o PC5 : 
PAG Condition PCE tines 
PA7 Code PC7 
Register 
PBO pinek POO 
PBI Pointer PD1 
Port PB2 Program PD2 
B PB3 Port | Data Counter Port D PO3 
VO PB4 B Dir High ort PD4 
Lines £88 Reg | Reg Program PDS 
PB6 Counter PD7 
PB7 Low 


2096 x8 176x8 Internal 
ROM Static Processor 
RAM Clock 
240 x 8 
Self-Check 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC68HC05C2 


SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 


the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IRQ 


This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 


OSC1, OSC2 


These pins provide contro! input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 








(b) Crystal/Ceramic Resonator 
Oscillator Connections 


MCU 
OSC! 





(d) RC Oscillator Connections 


these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and fog¢ is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an externa! CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 





L Ci Rs 
Osc2 OSC1 
38 39 
Co 
38 af 39 


(c) Equivalent Crystal Circuit 





Unconnected ~ 


External Clock 


(e) External Clock Source Connections 
(For Crystal Mask Option Only) 


Figure 1. Oscillator Connections 
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Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


Ceramic Resonator 

Aceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consuited for specific information on resonator 
operation. 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 


1(e). This option may only be used with the crystal os- 


cillator mask option. 


INPUT CAPTURE (TCAP) 


This pin controls the input capture feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP) 


This pin provides an output for the output compare 
feature of the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. 





iNPUT/OUTPUT PORTS (PA0-PA7, PBO-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PDO-PD5, PD7) 
These seven lines comprise port 9, a fixed input port. 
Refer to PROGRAMMING for additional information. 


~ PROGRAMMING 


Input/output port programming and fixed input port 
programming are discussed in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. I/O Pin Functions 
[rie | oR | VO Pin Functions _ 
The I/O pin is in input mode. Data is 
written into the output data latch. 
1 Data is written into the output data latch 
and output to the I/O pin. 
Ns the 201. | The state of the 1/0 pin is read. 


The 1/0 pin is in an output mode. The 
output data latch is read. 


*R/W is an internal signal. 











FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PDO-PD5, PD7) that monitors 
the external pins. To avoid spurious interrupts and erratic 
operation of port D, memory accesses to unused loca- 
tions $000A through $0011 must not be performed. 


NOTE 


Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 
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Data Direction 
Register 
Bit 





Latched 
Output Data 






Internal 
MCU 
Connections . 









Figure 3. Typical Port 1/O Circuit 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 


7 0 


INDEX REGISTER (X) 


The index register is an 8-bit tenistar used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary aiieue area. 


7 0 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 


Oo 


12 





STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. . 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 


12 7 — 
fofofofofofifr] se 
CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and - 


specific actions can be taken asa result of their state. 
Each bit is explained in the following paragraphs. 


oOo 


CCR 


pe] rin tz |o| 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 
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$0000 0000 Port A Data Register $00 
M0) Port B Data Register $01 
32 Bytes Port C Data Register $02 
; Port D Fixed input Register $03 
ee 7 aed _ Port A Data Direction Register $04 
Ne ‘ Port B Data Direction Register $05 
48 Bytes \ Port C Data Direction Register $06 
$004F 0079\, 1 
30060 0080 "\ $07 
se 
176 Bytes 
cee a soc 
SOOFF 0255 \ sep 
$0100 0266 f $0 
User SOF 
So8FF 4361 ; a 
$0900 4352 \ Timer Control Register $12 
Unused \ Timer Status Register $13 
pbs? Bytes ; input Capture High Register $14 
. 30 ~~ \ Input Capture Low Register $15 
' Output Compare High Register $16 
Self Check \ Output Compare Low Register $17 
siFOF : Counter High Register $18 
SIFEO \ Counter Low Register $19 
pie 256 Bytes \ Alternate Counter High Register $1A 
$1FEF 8175 : Alternate Counter Low Register $18 
e 
sifFF L___12 Bytes gar Yrused SF 





Figure 4. Memory Map 


interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (2) 
When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipuiation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 


last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 


SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PCO-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 

I/O — Exercise of ports A, B, and C 

RAM — Counter test for each RAM byte 

ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCF flag 
Interrupts — Tests external, and timer interrupts 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 
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NOTE: The RC Oscillator Option may also be used in this circuit. 


Figure 5. Self-Check Circuit Schematic Diagram 


Table 2. Self-Check Results 










[Pc2 | pcr | Pco | 
fo OC OS aa [Bedue © 
0 | 1 | 0 |peckam 
Hy | 1 [Bedtime 
| 1 [BadRom 
| 1 | t | 1 | 4 [Bad interrupts or RG Request 


0 indicates LED is on; 1 indicates LED is off. 








TIMER TEST SUBROUTINE 
This subroutine returns with the Z bit cleared if any 


error is detected; otherwise, the Z bit is set. The timer 


test subroutine is called at location $1FOE. The output 
compare register is first. set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every. 10 counts (40 cycles) and 


checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro- 
gram, X=40. If the test passed, A=0. 


ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X=0. If the test passed, A=0. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 
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POWER-ON RESET (POR) - 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (tpy-) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4046 toyc, the MCU will remain in the 
reset condition until RES T goes high. 


EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (teyc). 





INTERRUPTS 


The MCU can be interrupted three different ways: the 
two maskable hardware interrupts (RQ and timer) and 
the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
onthe stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered-from the stack and normal 
processing to resume.. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

lf both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the |-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
Procensing sequence: . 









R 
E 
’ Increasing’ Memory | T 
Addresses U 
R 
N 


ty | Condition Code Register 
: Index — 


~ TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


’ EXTERNAL INTERRUPT 


If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt_with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (tiLIL) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines “wire-ORed” to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 


‘ terrupt is recognized. 


_ NOTE, 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 


SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the | bit inthe CCR. If the-| bit 
is zero, SWI executes after the other interrupts. The SWI 
Operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 


O Stack 








Decreasing Memory 
Addresses 


AvownDwmMaAs— 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is ; 
stacked first, followed by PCH, etc. Pulling from the stack i is 


in the reverse order. 


Figure 6. Interrupt Stacking Order — 
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iRO 
External 
Interrupt 


Stack : 
PC, X, A, CC 


Timer 
Internal 
Interrupt 





Fetch Load PC from: 
: ‘Next SWI:$1FFC-$1FFD 
._, Instruction IROQ:-$1FFA-$1FFB 
* Timer: $1FF8-$1FF9 


Complete 
Interrupt 
Routine. 

and Execute 
RTI 


Execute 
_ Instruction 





Figure 7. Reset and Interrupt Processing Flowchart 
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Level-Sensitive Trigger 











Mask Option 


Interrupt Pin 


External 
Interrupt 
Request 


1 Bit (cc) 


Power-On Reset 
External Reset 


External Interrupt 
_ Being Serviced (Vector Fetch) 


(a) Interrupt Internal Function Diagram 


iRO —| fet l | 


Edge-Sensitive Trigger Condition 
The minimum pulse width (ty, )}4) is either 
125 ns (Vpp=5 V) or 260 ns (Vpp =3 V). 
The period ty_|, should not be less than 
the number of tey¢ cycles it takes to ex- 
ecute the interrupt service routine plus 21 
teyc cycles. 


Level-Sensitive Trigger 
If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized. 


Normally 
Used with 
Wire-ORed 
Connection 


(b) Interrupt Mode Diagram 


Figure 8. External Interrupt 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


_ WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer remains active (refer to Figure 10). An in- 
terrupt from the timer can cause the MCU to exit the WAIT 
mode. 

During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 


DATA RETENTION MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
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Stop Oscillator 
And All Clocks 


Clear | Bit 








External 
Interrupt 
(iO) 





Turn On Oscillator 
Wait for Time 
Delay to Stabilize 






(1) Fetch Reset Vector or 
(2) Service Interrupt 

3a. Stack 

b. Set | Bit 

c. Vector to Interrupt 
Routine 








Figure 9. STOP Function Flowchart 


data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 





TIMER: 


The timer consists of a 16-bit, software-programmable 


counter driven by a fixed divide-by-four prescaler. This 


timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 


that specific timer function until the low byte is also ac- 


cessed. 


NOTE 


The | bit in the CCR should be set while manipu- 

lating both the high and low byte register of a spe- 

cific timer function to ensure that an interrupt does 
‘ not occur. 


COUNTER 


- The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is‘set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). ~ 


OUTPUT COMPARE REGISTER 


The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compa re register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
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(1) Fetch Reset Vector or 
(2) Service Interrupt 
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b. Set I Bit z 

c. Vector to Interrupt 
Routine 


Restat 2, 
Processor Clock i 





Timer 
Interrupt 


Figure 10. WAIT Function Flowchart 


level (OLCL) bit is clocked to an output level register. The’ 
output compare register values and the output level bit : 


should be. changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can. also 
accompany: a. successful output compare provided the 
corresponding interrupt enable bit.(OCIE) is:set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17). is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 


ister is a function of the program rather than the internal. 


hardware. 


The processor can write. to cither byte of the output 


compare register without. affecting the other byte. The 


output level, (OLVL) bit is clocked to the output level reg-. 


ister regardless of whether the output compare flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge. detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on. the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which i is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag {ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 
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Figure 11. Timer Block Diagram 


After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited unti! the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

“A read of the input capture register LSB:($15) does not 
inhibit the free-running counter transfer since they occur 
on eppeoie ecues of the internal bus clock. 


TIMER CONTROL REGISTER (TCR) $12 =. 
The TCR is a read/write register containing five eenteel 


bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 


failed gol a on oe ell 


RESET: 
0 0 0 0 0 0 U 0 


sis — Input Capture Interrupt Enable 
=Interrupt enabled 
ici disabled 
OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
IEDG — Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 
1= Positive edge “ 
0=Negative.edge 
Reset does not affect the IEDG bit (U= -unatfectéd).” 
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OLVL — Output Level 


Value of output level is clocked into output level reg- .- 


ister by the next successful output compare and will 
appear on the TCMP pin 
1=High output 
0=Low output 
Bits 2, 3, and 4 — Not used 
Always read zero 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
flag bits. ' 


7 6 5 4 3 2 1 0 
[ct | ocr | ror | o | o | o | o | 0 | 
RESET: 

U U U 0 0 0 0 0 


ICF — Input Capture Flag 
1=Flag set when selected polarity edge is sensed by 
input capture edge detector 
0 = Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
OCF — Output Compare Flag 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
register ($17) are accessed 
TOF — Timer Overflow Flag 
1=Flag set when free-running counter transition from 
$FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 


Accessing the.timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status .register is read or written when 

TOF is set, and 

2) The LSB of the free-running counter is read but not 

for the purpose of servicing the flag. 


The counter alternate register at address $1A and $1B 


contains the same value as the free-running counter (at 
address $18 and $19); therefore; this alternate register 
can be read at any time without affecting the timer-ov- 
erflow flag in the timer status register. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 


RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 


_ the TCAP pin, the input capture detect circuit is armed. 


This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 


INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


X:A X*A 


Description | Multiplies the eight bits in the index register 
: by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 

accumulator and index register 


H: Cleared — 
|: Not affected 
N: Not affected. 
Z: Not affected 
C: Cleared 




















Condition 


Addressing 
Mode 
Inherent 


REGISTER/MEMORY INSTRUCTIONS | 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 


operand. Refer to the following instruction list. 


| Function | Mnemonic 








Store X in Memory 
Add Memory toA - 
Add Memory and Carry to A 


— Continued 
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Function | Mnemonic | 
| Exclusive OR Memory withA | EOR 
ia 
| MP 
| usr 







Bit Test Memory with A (Logical Compare) BIT 
Jump Unconditional JMP 
Jump to Subroutine 


READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


Decrement 


[ Rotate Right Thru Cary | ROR 
Logical Shift Right 
Arithmetic Shift Right 


Test for Negative or Zero 


JSR 


| NEG 


Multiply 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch onthe state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 


for bit manipulation instructions. 
BRSET n (n=0:..7) 
BRCLR n (n=0...7) 
BSET n (n=0...7) 
BCLR n (n=0...7) 


Branch if Bit n is Set 
Branch if Bit n is Clear 


Clear Bit n 








BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


| Function | Mnemonic | 


Branch Never 












Branch if Higher 


Branch if Lower or Same BLS 
Branch if Carry Clear BCC 
Branch if Higher or Same 
Branch if Carry Set 

BLO 
PL 
IC 
IL 
IH 









[Branch Lower SSS 
Branch Not Equal ——~SCSC*~*~S~s~C«N CS 
[oranchfemal | 
Branch ifMinug—SSSSCS~S~dC 
"Branch iintorrupt Mask Bits Set_——~«d|~—aMS | 
[Branch intemupt tine sow | a, | 
Branch interrupt Line High [aw _| 
[Branch to Subroutine ——SSSSS*i Ci 


CONTROL INSTRUCTIONS 


These instructions. are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


| Fumetion 
TAX 
cl! 
a Swi 
‘| RTS 
. RTI 




























[Reset Stack Pointer | RSP 
[ No-Operation NOP 
(SOD eg | 
PIE eg SD eee 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


Software Interrupt | sw | 
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Table 3. Opcode Map 
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Abbreviations for Addrees Modes. 

INH Inherent — i . 

A -” Accumulator Opcode in Hexadecimal 

x Index Register : 

on ; — bs a Mnemonic Opcode io Sinary 
 EXT- Extended =. Bytes 

REL - Relative ; - 

BSC Bit Set/Clear Cycles Address Mode 

BTB Bit Test and Branch 

xX Indexed (No Offset) 

x1 indexed, 1 Byte (8-Bit) Offset 


1X2 indexed, 2 Byte (16-Bit) Offset 
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ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 


vide the programmer with an opportunity to optimize the - 


code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 


version tables, and scaling tables anywhere in the mem- _ 


ory space. Short indexed accesses are single byte 


instructions; the longest instructions (three bytes) permit ~ 


accessing tables throughout memory. Short and long ab- 
solute addressing’is also included. One--or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory: 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change. during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. Z 


EXTENDED 
In the extended addressing mode, the effective adress 


of the argument is, contained in the two. bytes following. 
the opcode byte. Instructions with extended addressing. 


mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 


register. This addressing mode can access the first 256. 


“memory: locations. These instructions are only one byte 


long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced: 
RAM or vO location: 


INDEXED, 8-BIT OFFSET | | 
.., In the indexed, 8-bit offset addressing mode,. the ef- 


fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an-n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of.the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
‘able locations and could extend as far as location 510 . 
($1FE is the last location at which the ‘instruction. Way 


begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, jhe ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be‘used in a manner. 
similar to indexed, 8-bit offset except that.this three-byte 
instruction allows tables to be anywhere in memory. As 


with direct and extended addressing, the Motorola as- 


sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


‘In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies. the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the- byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition.of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


. In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 


- structions are: one byte long. 
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ELECTRCAL SPECIFICATIONS 


MAXIMUM RATINGS 5 (Voltages referenced to Vss) 
















This device contains circuitry to protect the i in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 

"mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Vout be 
‘constrained to the range Vsg < (Vin or Vout) = 
Vpp. Reliability of. operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vsg or Vpp). 







Current Drain Per Pin Excluding 

VppandVss iy 
Operating Temperature Range Ti. to Ty 

=65t0 +150 | °C 

THERMAL CHARACTERISTICS 


Supply Voltage 
MC68HCO5C2P, FN 0 to +70 
MC68HCO5C2CP, CFN -—40 to +85 

[—_—_—_ecie———‘evaal|— wte Tu 
Thermal Resistance 


4 , 
Input Voltage vase —0.3 to v 
Vpp ‘+0.3 ms 
Self-Check Mode (IRQ Pin Only) Vgg- 0.3 to . 
2xVpp + 0.3 
Ta 
MC68HCO5C2VP, VFN —40 to +105 
MC68HCOS5C2MP, MFN —40 to +125 
Plastic, 
Plastic Leaded Chip Carrier - (PLCC) 





POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can For most applications PjQ<P)jy7 and can be neglected. 
be obtained from: “ The following is an approximate relationship. between 
Ty=Tat(Pp*8ya) |. (1) Pp and Ty (if Pio is neglected): 
where: oe Pp =K+(Ty+273°C) _ (2) 
Ta = Ambient Temperature, °C Solving equations D4) and i) for K gives: 
yA. . = Package Thermal Resistance, hed K=Pp-° (Ta + 273°C) + @yasPD? (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp = Pintt+Pro can be determined from equation (3) by measuring Pp 
Pint =!Icec*Vcc, Watts — Chip Internal Power — : (at equilibrium) for a known Ty. Using this value of K, 
Pio = Power Dissipation on Input and Output the values of Pp and Ty can be obtained by solving equa- 
Pins — User Determined tions (1) and (2) iteratively for any value of TA: 
Vpp=4.5.V 


















PAO-PA7, -1 3.26 kQ-| 2.38 kO- 
PBO-PB7, Aves 
PCO-PC7, 
‘| PD1-PD4 . 
PDO, PD5;PD7| 1.9k | 2.26k0 | 200pF | (See Table) 
re ; Test 
Paint 
= aes Rl 
(See (See Table) — 
' Table) | , 


PAO-PA7, 10.91 kQ. | 6.32 kN 


PBO-PB7, 
PCO-PC7, 
PD1-PD4 ~ 


(reoresro oa [ oa [ao | 





Figure 12. Equivatent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp =5.0 Vde+ 10%, Vgg =0 Vdc, TA=TL to Ty, unless otherwise noted) 


nie TS ae 


_ Output Voltage, ILoad<10.0 pA VOL 
= ane 0.1 


Output High Voltage 
(ILoad = 9.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 13) 
(ILoad = 1.6 mA) PD1-PD4 (see Figure 14) 


Output Low Voltage (see Figure 15) 
(ILoad = 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 


Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Input Low Voltage 
PAOQ-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Supply Current (see Notes) 
Run (see Figures 16 and 17) 
Wait (see Figures 16 and 17) 
Stop (see Figure 17) , 

25°C 

0° to 70°C (Standard) 
~40° to + 85°C 
—40° to + 125°C 


/O Ports Hi-Z Leakage Current 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 





Input Current. 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 


Ports (as Input or Output) - 
RESET, IRO, TCAP, PDO-PD5, PD7 


NOTES: 

. All values shown reflect average measurements. 

. Typical values at midpoint of voltage range, 25°C only. 

. Wait Ipp: Only timer system active (SPE =TE=RE=0). If SPI, SCi active (SPE =TE=RE=1) add 10% current draw. 

» Run (Operating) Ipp, Wait |[pp: Measured using external square wave clock source (fogc =4.2 a Mie. all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL =20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vj, =0.2 V, Viy=Vpp —0.2'V. 

. Stop Ilpp measured with OSC1=Vss. 

. Standard temperature range is 0° to:70°C. Extended temperature versions and a 25°C only. version are available. 

. Wait Ipp is affected Hearty by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS . 
(Vpp =3.3 Vde+0.3 Vdc, Vgg=0 Vdc, Ta=TL to Ty, unless otherwise a 


Output Voltage, ILoaq<10.0 pA ra 
vou Vop- 0.1 


Output High Voltage 
(ILoad = 0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see rigue 13) 
(ILoad = 1.6 mA) PD1-PD4 (see Figure 14) 


" Output Low Voltage (see Figure 15) 
(ILoad =0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1- PD4, TCMP 


Input High Voltage 
PAQ-PA7, PBO-PB7, PCO-PC7, PDO- PDS, PD7, TCAP, IRQ, 
RESET, OSC1 


Input Low Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, pD7, TCAP, IRQ, 
RESET, OSC1 


Data Retention Mode (0° to 70°C) 


Supply Current (see Notes) 
Run (see Figures 16 and 18) 
Wait (see Figures 16 and 18) 
Stop (see Figure 18) 

25°C 

0° to 70°C (Standard) 
— 40° to +85°C 

~40° to + 125°C 


\/O Ports Hi-Z Leakage Current 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 





Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 


Ports (as Input or Output) 
RESET, IRQ, TCAP, PDO-PD5, PD7 


NOTES: 

. All values shown reflect average measurements. 

. Typical values at midpoint of voltage range, 25°C only. 

. Wait Ipp: Only timer system active (SPE =TE = RE =0). If SPI, SCI active (SPE =TE=RE = =1) add 10% current.draw. >... 

. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fgg¢=4.2 MHz), all nee 0: 2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL=20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vi, =0.2 V, Viq=Vpp—0.2 V. 

. Stop Ipp measured with OSC1=Vss. 

. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are: available. 

. Wait Ipp is affected linearly by the OSC2 capacitance. 
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Iloul (mA) 





Vpp-VoH (Volts) 


Figure 13. Typical Voy vs Ion for Ports A, B, C, and TCMP 





ton (mA) 





0 0.2 0.4 0.6 


Voo-VoH (Volts) 


VoL (Volts) 


Figure 14. Typical Vou vs lon for PD1-PD4 Figure 15. Typical VoL vs loL for All Ports 
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(3.5 mA) 


Ipp (mA) 


_ = 


0 0.5 1.0 
Internal Frequency 1/tcycle ( nee 


Ipp (ma) 





2.0 


0 0.5 1.0 
Internal Frequency 1/tcycle (MHz) 


1.5 2.0 


Figure 16. Typical Current vs Internal Frequency for Run and Wait Modes 
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0.5 1.0 1.5 


2.0 
Internal Frequency (MHz) 


Figure 17. Maximum Ipp vs Frequency for Vpp =5.0 Vdc 


(2.5 mA) 


Ipp (mA) 


Stop Ip (80 pA, 0°- se 





internal Frequency (MHz) 


Figure 18. Maximum Ipp vs Frequency for Vpp =3.3 Vde 
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CONTROL TIMING : ge 
(Vpp = 5.0 Vdc + 10%, Vgg =0 Vde; TA=TL to Ty) 


Characteristic 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fgg¢ + 2) 
External Clock (fos¢ + 2) 


Cycle Time (see Figure 21) : ere ee ee ee 
Crystal Oscillator Startup Time (see Figure 21) - tOxOV rT — | 100 [| ms | 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) _ tILCH rT — [100 [ ms | 


RESET Pulse Width (see Figure 21) 


Timer 
Resolution** 2 
Input Capture Pulse Width (see Figure 20) a tTH. tTL 
Input Capture Pulse Period (see Figure 20) 


TLIL 
OSC1 Pulse Width tOH. tOL 


*The minimum period ti!_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 teye- , = 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tT_TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 toyc. 5S 


__ULIH 





osci! 


TTT TTT 













tRO2 


Internal 
Clock 


Internal 
Address 
Bus 





XX XKK KX ARKAKRX Keely eX He Ko) 


RESET or Interrupt 
NOTES: Vector Fetch 
1. Represents the internal gating of the OSC1 pin. 
2. TRO pin edge-sensitive mask option. 
3. TRO pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 


Figure 19. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Vpp =3.3 Vde + 0.3 Vde, Vgg =0 Vde, Ta=TL to Ty) 


SS 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fos¢ + 2) 
External Clock (fog¢~ 2) 


Cycle Time (see Figure 21) 
Crystal Oscillator Startup Time (see Figure 21) toxov | — [100 | 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) | tich | — | 


RESET Pulse Width — Excluding Power-Up (see Figure 21) 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 20) 
Input Capture Pulse Period (see Figure 20) 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) ~ tiLIH 
Interrupt Pulse Period (see Figure 8) . tHLIL 
OSC1 Pulse Width tOH, tOL 


*The minimum: period tiL_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 teye- rs 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tey¢. : 





Jenn —>| —+| {TH le —| {TL _— 
External : 

Signal 

(TCAP 

Pin 37) 


Figure 20. Timer Relationships | 
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Osci* * 


internal 


Internal 
Address 
Bus* 


Internal 
Data 
Bus* 





RESET 


MUU 








Vpp Threshold (1-2 V Typical) 


ltoxov 4064 toy | 


t | I 
I 1 a we >| 


Op Op 
Code Code 
; tRL 


if 





*Internal timing signal and bus information not available externally. 
**OSC1 line is not meant to represent frequency. It is only used to represent time. : : 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 


Figure 21. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. ; 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer’s program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $08FF with 
vectors from $1FF4 to $1FFF. All unused bytes, including 
the user’s space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 





xxx = Customer ID 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been-made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers. for the MC68HC05C2 device. 


Package Type MC Order Number 


Plastic Q°C to +70°C 
(P Suffix) 


MC68HC05C2P 
MC68HCO05C2CP 
MC68HCO5C2VP 
MC68HCO5C2MP 


— 40°C to +85°C 
— 40° to + 105°C 
-—40°C to + 125°C 


PLCC 0°C to +70°C MC68HCO5C2FN 
(FN Suffix) —40°C to +85°C | MC68HCO5C2CFN 

— 40°C to +105°C | MC68HCO5C2VFN 
—40°C to +125°C | MC68HCO5C2MFN 





IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


40-PIN DUAL-IN-LINE PACKAGE 


oOo On DOF WH 


10 


ee ves tas hee pea 
oO TAR BDNF 





44-LEAD PLCC PACKAGE 






on im a5 8 = 

<< Skee osees 

Be tistaéae tata tataetasts 

A ET © 

PAS(7 1 391) PD7 
PA4G “fy tcme 
PA3C TD PDS 
PA2Q] ry PD4 
PAIC Pr} PD3 
PAO (12 34D pp2 
PBOg PD1 
PB1g PDO 
'PB2C 1) Pco 
PB3Q Pci 


NOTE: Bulk substrate tied to Vss. 
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TECHNICAL DATA -MC68HC05C3 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HCO5C3 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel 1/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depice the naraware features; additional features available on the 
MCU are as follows: 

@ On-Chip Oscillator with RC or ‘Crystal/Ceramic Resonator Mask Options 
Memory-Mapped I/O 
176 Bytes of On-Chip RAM 
2096 Bytes of User ROM: 
24 Bidirectional I/O Lines and 7 Input- Only Lines 
Serial Communications Interface (SCI) System 
_ Serial Peripheral Interface (SPI) System 
Self-Check Mode 
Power-Saving STOP, WAIT, and Data Retention Modes 
Single 3.0- to 5.5-Volt Supply (2- Volt Data Herention Meade) 
Fully Static Operation 
8 x8 Unsigned Multiply Instruction 





BLOCK DIAGRAM _ 












TCMP “  OSC1 oOsc2 
‘Internal internal uo? 
eke Timer Bees Oscillator Processor 
System and Clock 
: RESET . 
: iRG ; 
PAO PCO _. 
PAI Accumulator PCl 
PA2 
Port CPU PC2 
A PA3 Port | Data index Control Data | Port PC3 ree 
PAA A | Dir Dir | C e 
VO Register PC4 0 
Pines PAS Reg | Reg Reg | Reg PC5 : 
PA6 Sonn PC6 Lines 
PA7 
Resistor ize 
ointer 
PBI @ Se RDI (PDO) 
Port PB2 Program TDO (PD1) 
B PB3 Port | Data Counter MISO (PD2) 
0 PB4 B | Dir High ALU MOSI(PD3) 
Lines a Reg | Reg Program SPI SCK (PD4) 
Counter ss 
PB7 Low siPoS) 2 





Baud Rate 
Generator 
ROM atic 
RAM Ba 
240 x 8 lock 
Self-Check 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IRO 


This pin is a programmable option that provides two | 


different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. — 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 











MCU 
OSC! OSC2 


a i = Cosc2 


(b) Crystal/Ceramic Resonator 
Oscillator Connections 





(d) RC Oscillator Connections 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and fgsc¢ is shown in Figure 2. 


Crystal : 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 


‘ommended-when crystals outside the specified ranges 


are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 


A ceramic resonator may be‘used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
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(e) External Clock Source Connections 
(For Crystal Mask Option Only) 


Figure 1. Oscillator Connections 
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Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


should be consulted for specific. information on resonator 
operation. 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 


INPUT CAPTURE (TCAP) 


. This pin controls the input capture feature for the on- 
_chip programmable timer. 


OUTPUT COMPARE (TCMP) 


This pin provides an output for the output compare 
feature of the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. ~ 





INPUT/OUTPUT PORTS (PAO-PA7, PBO-PB7, PCO-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PDO-PD5, PD7) 


These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 


PROGRAMMING 
input/output, oes programming, 5 Ned aput port pro- 


gramming, and serial port programming: are disciisned 
in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes ail of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. /O Pin Functions. 


[nis [por | voPin Functions | 


The I/O pin-is in input mode. Data is 
written into the output data latch. 


Data is written into the output data latch 


are output to the /O pin. 
| 0 [The state of the 1/0 pin is read. 


The I/O pin is in an output mode. The 
output gate latch is read. 


*R/W is an internal algnie 





FIXED INPUT PORT PROGRAMMING 


Port Dis a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, ail seven bits become valid inputs because 
all special. function drivers are disabled. For.example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
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Figure 3. Typical Port I/O Circuit 


With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time-of the read opération. 


NOTE 
Any unused inputs and I/O ports should be ‘tied to 
an appropriate logic level (e.g., either VoD or Vss). 


SERIAL PORT (SCI AND SPI) PROGRAMMING 


The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PDO-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave. select (SS), 
respectively. 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and /O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and 1/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine. call to save the CPU state. The 
stack pointer:decrements during pushes and. increments 
during pulls. Refer to INTERRUPTS for additional infor- 
‘mation. ; 


_ NOTE. 


Using the stack area for data storage or eniseiany 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains. the registers eat in rine fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 


3 


7 at 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 ; : 0 
a ae 
PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of me: next byte to be fetched. 


12 8 ahs 0 





STACK POINTER (SP) 
The stack pointer is a 13-bit seaister that contains the 


address of the next free location on the stack. During an 


MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to.0000011.:These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within:the range of $O00FF to $00CO. 
Subroutines: and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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Figure 4. Memory Map 


wraps around and loses the previously stored informa- 
tion. A subroutine call-occupies two locations on the stack; 
an interrupt uses five locations. 7 

12 Te 0 


CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


CCR 


Pali fiz }c | 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and'4: -- 


Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt-occurs while this bit is 
set, the interrupt is latched and processed as soon as the 


- interrupt bit is cleared. 


’ Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (Z) 
When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) . 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 


' rotates. 
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SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the-circuit shown in Figure 5. Port C pins PCO-PC3 
are monitored for the self-check results. After reset, the 
following seven tests.are performed automatically: 

/O — Exercise of ports A, B, and C 

RAM — Counter test for each RAM byte 

ROM — Exclusive OR with odd ones parity result | 
Timer — Tracks counter register and checks OCF flag 
Interrupts — Tests external, timer, SCI and SPI in- 


terrupts 
SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 


Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 


TIMER TEST SUBROUTINE . 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 


PD5/SS 


PD4/SCK 

. PD3/MOSI 
PD2/MiSO 
“PD1/TDO 
PDO/RDI 


“NOTE: The RC Oscillator Option may also be used in this circuit. 





compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro- 
gram, X= 40. If the test passed, A=0. 


ROM CHECKSUM SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 


checksum subroutine is called at location $1F93 with RAM 


location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X=0. If the test passed, A=0. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 








Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 
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0 indicates LED is on; 1 indicates LED is off. 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 


POWER-ON RESET (POR) 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (teyc) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4046 teye, the MCU will remain in the 
reset condition until RESET goes high. 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (tgyc). 


INTERRUPTS 


The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRO, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (| bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 


~ 









R 
ae E 
Increasing Memory | T 
Addresses U 
R} 0) 
4 


Unstack 


} 1 fof1. 1 | Bad Timer F 
| 11 | o | o |eadsc 


q Condition Code Register 
| 
Bee — 


PCL 


processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. - 


NOTE 


The current instruction is the one already fetched 
- and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


EXTERNAL INTERRUPT 


If the interrupt mask bit (| bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 


QO Stack 






Decreasing Memory 
Addresses 


AvowmmamaAz— 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 


in the reverse order. 


Figure 6: Interrupt Stacking Order 
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serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (tiLJL) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines ““wire-ORed”’ to form 
the interrupts at the processor..If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 


' NOTE 7 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 


SOFTWARE INTERRUPT (SWI) 


~The SWI. is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 


Level-Sensitive Trigger 





Mask Option © 


interrupt Pin 


is zero, SWI executes‘after the other interrupts. The SW! 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 


SCI INTERRUPTS 


An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits. in the SCI 
status register. 


SPI INTERRUPTS 


An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the | bit in the CCR is clear and the enable bit 
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(a) Interrupt Internal Function Diagram 
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Edge-Sensitive Trigger Condition: 
The minimum pulse width (ti), {}H) is either 
125 ns (Vpp=5 V) or 250 ns {Vpp=3V). . 
The period ti.) should not be less than 
the number of teyc cycles it takes to ex- 
ecute the interrupt service routine pius 21 
teye cycles. 


Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
' recognized. : 


‘Normally 
Used with 
| Wire-ORed | 
Connection 


TRO 
(MCU) ae 


(b) Interrupt Mode Diagram ° 


Figure.8. External Interrupt 
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Figure 7. Reset and Interrupt Processing Flowchart 
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in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 


LOW-POWER MODES 


‘STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 


SPI during Stop Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SP! oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 
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Figure 9. STOP Function Flowchart 


During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 


— mode. 


DATA RETENTION MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 





TIMER 


The timer consists of a 16-bit, software-programmable 


- counter driven by a fixed divide-by-four prescaler. This 


timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary. from 
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Figure 10. WAIT Function Flowchart 


several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full: control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. , 


NOTE 


The | bit in the CCR should be set while manipu- 
lating both the-high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 


COUNTER 


The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock. by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock’is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value.: a 

-The.double-byte, free-running counter can be read from 
either of two ‘locations, $18-$19 (counter. register). or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
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Figure 11. Timer Block Diagram 


($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed. when reading the free-running counter or 
counter alternate register LSB: ($19 or $1B):and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB: must.also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in-one respect: a read of the counter register MSB. 
can clear the timer overflow flag. (TOF). Therefore, the 
counter alternate.register can be read at any time without 
the possibility of missing timer overflow pInterupts due 
to ee of the TOF.. 


The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the’ 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats évery 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit'is set. 
An interrupt can also be enabled:when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


OUTPUT COMPARE REGISTER | 


The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
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output compare register is used for several purposes, 
such as indicating when a period of time.has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17): is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte.: The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


‘Two 8-bit registers, which. make up the .16- bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus. clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. , 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that bofresponds to ae most 
recent input capture. 

After a read of the input capture register (14) MSB, 
the’counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
On Opposite edges of the internal bus clock. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is:a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status nal nc ICF, OCF, and TOF. 


Pee fee Tees Tr Te a 


RESET: 
0 0 0 0 - 0 0 U 0 


ICIE — Input Capture Interrupt Enable 
1=Interrupt enabled. 
0=Interrupt disabled 
OCIE —. Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled nef 
0=Interrupt disabled 
IEDG — Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 
1=Positive edge 
0= Negative edge 
Reset does not affect te IEDG bit (U= Giistiecied 
OLVL — Output Level ; 
“Value of output level is clocked into output level reg- 
ister by the next. successful output compare and-will 
“appear on the TCMP pin 
1=High output 
-0=Low output 
Bits 2, 3, and 4 — Not used 
Always read zero 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
ie bits. 


Cer fae Toe ee ee 


RESET: 
Uo: U U: ‘0 0 0. 0 0 


ICF — Input Capture Flag 
1 =Flag set when selected polarity edge i is sensed by 
input capture edge detector 
0= Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
OCF — Output Compare Flag 
1=Flag set when output compare register contents 
match the free-running counter contents 
'. 0=Flag cleared when TSR and output compare low 
register ($17) are accessed 
TOF —Timer Overflow Flag 
1=Flag set when free-running counter transition from 
_., SFFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 
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Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register. corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the. proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1). The timer status register is read or written when 

TOF is set, and 

2) The LSB of the free-running counter is read but not 

for the purpose of servicing the flag. - 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at-least. one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is: used to. exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 


SERIAL COMMUNICATIONS INTERFACE» 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 


O° 1 2 3 


SCI TWO-WIRE SYSTEM FEATURES | 


@ Standard NRZ (mark/space) format 

e@ Advanced error detection method includes noise de- 

tection for noise duration of up to one- “sixteenth bit 

time 

Full-duplex operation (simultaneous transmit and re- 

, ceive) 

@ Software programmable for one of 32 different baud 

| rates 

© Software- selectable word length (eight- or nine- bit 
words) 

@ Separate transmitter and receiver enable bits 

e@ SCI may be interrupt driven 

e Four separate interrupt conditions 


SCI RECEIVER FEATURES 


e. Receiver wake-up function (idle or address bit) 
Idle line detect 

Framing error: detect 

Noise detect 

Overrun detect 

Receiver data register full flag 


SCI TRANSMITTER FEATURES 


@ Transmit data register empty flag 
@ Transmit complete flag 
‘® Break send 


Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format i is as. shown for the 
NRZ i in Figure 12. 


WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 


Control bit “M” © 
Selects 8 or 9 bit data 
4 5 °° 6 7 “8 0 





Idle Line 


ana OMe Y 


~--“# Stop bit is always high: 


DORM DW 
wn oe M 


Figure 12. Data Format 
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an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag.is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
fiag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


If there has been a framing error (FE) without detection. 


of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 


artificially. The last bit received in the data shift register 


is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. , 

If the receiver detects that a break (RDRF=1, FE=1, 


receiver data register = $00) produced the framing error, 


the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications contro! 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 


register 2 (SCCR2) provides control bits that individually: 


enable/disable the transmitter or receiver, enable system 


interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of-data 
transmission, the transmission complete (TC) bit-is set 


- (provided no pending data, preamble, or break code is 


sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter. gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 


_ receiver interrupt is enabled. Data transfer from the input 


serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 
An idle line interrupt is generated if the idle line inter- 
rupt is enabled-and the SCSR IDLE bit (which detects idle 


line transmission) is set. This allows a receiver that is not 


in the wake-up mode to detect the. end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 


Serial Communications Data Register (SCDAT) $11 


The SCDAT is a read/write register used to receive and 
transmit SCI data. 


7 6 2h 4 - 3 2 1 - 0 
| 


RESET: 
U U U U U U U AU 


As shown in Figure 13, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 
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- scl Interrupt : - "Internat Bus 






SCDAT | Transmit j 1 (See |Receive Data} SCDAT 
$11 |Data Register Register | $11 


Receive Data 
Shift Register 


PDO/RDI 


3 PD1/TD0° 





Register 


NOTE: The Seriat Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register when: -- 
written and receive data register when read. : 


" - Figure 13. SCI Block Diagram 
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Serial Communications Control Register 1.(SCCR1) $OE 


The. SCCR1 provides contro}-bits that determine word 
length and select the wake-up method. 


§:. oaen Pe el 
Peete sneer 


RESET: 
U U Sh U U. = = _ 


R8 — Receive Data Bit 8 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M=1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M= 1). 
M — SCI Character Word Length 
‘1=one start bit, nine data bits, one stop bit 
0=one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select , 
Wake bit selects the receiver wake-up method. 
Leathe bit (most sian iRegne bit) 
=Idle line condition 
Bits es and 5 — Not used 
Can read either-one or zero 


‘The address bit is dependent. on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU sone! bit in 1 SCCR2 
is set. 






Receiver Wake-Up 







Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 





Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 














Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides con*rol of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 





acs si ra “TE Te [aul SBK 1 





RESET: 
0 “0 0 “0 0 0. 0 0 


TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled 
0=TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable. 
1=SCl interrupt enabled 
0=TC interrupt disabled - 


RIE — Receive Interrupt Enable. 

1=SClI interrupt enabled 

O=RDRF and OR interrupts disabled 
ILIE-— Idle Line interrupt Enable: .- 

‘ = SCI interrupt enabled 

=Idle interrupt disabled 
TE — Gana Enable ' 
1=Transmit shift register output is applied to the TD0 
line. Depending upon the SCCR1 M bit, a pream- 
bie of 10 (M=0).or. 11 (M=1) consecutive ones is 
transmitted. 

0=Transmitter disabled after last byte. is loaded in 
the SCDAT and TDRE is set.- After last byte is 
transmitted, TDO upS becomes a high- -impedance 
line. 

RE — Receive Enable 

1=Receiver shift register put i is applied to the. RDI 
line. 

0=Receiver disabled and RDRF, DLE, OR, NF, and 
FE status bits are inhibited. 

RWU — Receiver Wake-Up 

1=Places receiver in sleeP mode and enatice wake- 
up function: 

0=Wake-up function disabled after receiving data 
word with MSB set (if WAKE =1) 

Wake-up function also disabled. after receiving 10 
(M=0).or 11 (M= 1). consecutive ones (if WAKE = 0) 
SBK — Send Break - 

. 1=Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared: Upon completion of 
break code, transmitter.sends one high bit for rec- 
ognition of valid start bit. 

0=Transmitter sends 10 (M=0) or 11-(M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty-and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times, of break because the first break trans- 
fers immediately to the shift register, and the 
second.is queued into the parallel transmit buffer. 


_ Serial Communications Status Register (SCSR) $10 


The SCSR. provides inputs to. the SCI interrupt logic 
circuits. Noise flag and framing « error bits are also con- 
tained in the SCSR. 


Come Tow Toe Do Doe eT 


ia 


1 0 iene 0 0 = 


TDRE — Transmit Data Register (TDR) Empty 
1=TDR contents transferred to the transmit data shift 
register 
0=TDR still contains data. TDRE is cleared by reading 
the SCSR (with TDRE = 1), followed by a write to 
the TDR.. 
TC — Transmit Complete 
1=Indicates end of data frame, preamble, or break 
condition has occurred. 
-0=TC bit cleared by reading the SCSR (with TC = 1), 
followed by a write to the TDR 
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RDRF — Receive Data Register.(RDR) Full 
1=Receive data shift register contents transferred to 
the RDR. 
0= Receive data shift-register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 
IDLE — Idle Line Detect 
1 = Indicates. receiver has detected an idle line 
0=IDLE is cleared by reading the SCSR (with IDLE = 1), 
followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 
OR — Overrun Error 
1= Indicates receive data shift register data is sent to 
a full RDR (RDRF=1). Data causing the overrun 
is lost, and RDR data is not disturbed. 
0=OR is cleared by reading the SCSR (with OR= 1), 
followed by a read of the RDR. 
NF — Noise Flag 
1=Indicates noise is present on. the-receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF =1. 
O=NF is cleared by reading the SCSR (with NF=1), 
followed by a read:of the RDR. 
FE — Framing Error : 
=Indicates stop bit not detected in received data 
character. FE’ is set the same time RDRF is set. if 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. : 
“6x NF is cleared by reading the SCSR (with FE =1), 
followed by a read of the RDR. ; 
Bit O — Not used 
Can read either one or zero 


Table 3: Prescaler Highest Bau 
















Baud Rate. Register $0D 


- The baud rate register:is. used to-select the SCI trans- 
mitter and receiver baud rate. SCPO and SCPT prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 


7 6 5 4 3 2 i 0 
[Ter Faeroe [om [so 


RESET: 








_ 0 0 

SCPO — SCI Prescaler Bit 0 

SCP1— SCI Prescaler Bit 1 
Two prescaler bits are used to, increase the range of 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 2. 

SCRO — SC! Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 
Three baud rate bits are used to select the baud rates 
of the SCi transmitter and SCI receiver. Baud.rates 
versus bit levels are listed in Table 3. ; 

Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by. the combined SCPO-SCP1 and SCRO- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 


U U U 


d Rate Frequency Output 


















Clock* Crystal Frequency MHz 
specs : | 
Oe Divided By 4.194304 4.0 2.4576 2.0 1.8432 
131.072 kHz 125.000 kHz 76.80 kHz 62.50. kHz 57.60 kHz 
43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
32.768 kHz | 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
10.082 kHz 9600 Hz 6.907 kHz 4800 Hz 4430 Hz 














*Refers to the internal processor clock. 
NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 


obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative presealet Sure UTS 


Table 4. Transmit Baud Rate Output for a Given Prescaler Output 














































Divided Representative Highest Prescaler Baud Rate Output 
7680 kHz | 1920KH2 [9600 He 
131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
65.536 kHz.. 16.384 kHz 38.40: kHz 9600 Hz 4800 Hz 
32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
4.096 kHz 1.024 kHz 2400 Hz ‘600 Hz 300 Hz 
- 2.048 kHz 512 Hz 1200 Hz 300 Hz° * 150 Hz 
1.024 kHz 256 Hz 600 Hz 150 Hz ' 75 Hz 






















NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual! baud rate. 
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external crystal. In this case, the prescaler bits (SCPO- 
SCP1) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 


SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 


Features: 


Full-duplex, three-wire synchronous transfers 
Master or slave operation 

1.05 MHz (maximum) master bit frequency 

2.1 MHz (maximum) slave bit frequency. 

Four programmable master bit rates 
Programmable clock polarity and phase 
End-of-transmission interrupt flag 

Write collision flag protection 

Master-master mode fault protection capability 


SIGNAL DESCRIPTION 


The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both-master and slave mode. 


Master Out, Slave In 


The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 








M6805 HCMOS 
Master 


M6805 HCMOS Slave 3 


M6805 HCMOS Slave 2 





device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 


sent first. 


Master In, Slave Out 
The master in, slave out (MISO) line is configured as 


‘an input. in a master device and as an output in a slave 


device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS =1). 


Serial Clock 


_ The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control: bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits: (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In'a slave device, SPRO and 
SPR1: have no effect on SPI operation. 


Slave Select 


The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The ss 
line on the master must be tied high; if the SS line goes 
low, a mode fault error’flag (MODF) is set-in the serial 
peripheral status register (SPSR). 

When CPHA=0, the shift clock is the OR of ss with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA= 1, 
SS must go high between successive characters in an 


M6805 HCMOS Slave 0 





“ M6805 HCMOS Slave 1 





Figure 14. Master-Slave System Configuration 
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-sckicpot=-o) sf L_| LI TLL 


SCK (CPOL = 1) 





A ee 5 Mi rt Pars . 
ss* staves) | a “| { J 


S le Input 
Data out (CPHA=") eezco (GG) 






~ Sample Input 
Data out (CHPA =0) 


Figure 15. Data Clock Timing Diagram 


SPI message. When CPHA=1, SS may be left low for . 


several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA=1 clock modes are used. 


FUNCTIONAL DESCRIPTION 


A: block diagram of the SP! is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
onthe internal processor clock. As a master device, data 


is parallel loaded into the 8-bit shift register from the. 


internal bus during a write cycle and then serially shifted 
via.the MOS] pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via-the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 


‘Internal 
Processor 
Clock 


SCK (PD4) _ 






Master 










MISO (PD2) 


In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to'shift out se- 
rially to the MISO pin and then to the master device. 

Figure 17 illustrates the MOS!, MISO, SCK, ane Ss 
master-slave interconnections. 


REGISTERS 


There are three registers in the SPi that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and seria! peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. - 






MOSI (PD3) — 





Rate 
Generator 





















Internal 
Data 
Bus 


Start’ 
Logic 







| Read Butter gaa | Buffer (Lead) ’ 


ose fan = 8-Bit Shift 


(Full) 
Register 














” 


S (PD5) 







eee State 
i Controller 






Control 
Bits 


Figure 16. SP] Block Diagram - 
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Es 8-Bit Shift Register 
SPI 
Clock Generator 


| 8-Bit Shift Register z 






Figure 17. SP! Master-Slave Interconnections 


Serial Peripheral Control Register $OA 


The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
ans mode ie and clock a era eee 


i 
SPIE cae MSTR | CPOL | cexa | | sprit | 


RESET: 
0 0 _ U U 








SPIE — Serial Peripheral Interrupt Enable 
1=SPI interrupt enabled 
0=SPI interrupt disabled 
SPE — Serial Peripheral System Enable: 
1=SPI system on 
0=SPI system off 
MSTR — Master Mode Select 
1= Master mode 
0=Slave mode 
CPOL — Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 
1=SCK line idles high 
0=SCK line idles in low state 
CPHA — Clock Phase 
Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 
1=SS is an output enable control. 
0=Shift clock is the OR of SCK with SS. 
When SS is low, first edge of SCK invokes first 
_ data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 — Not used 
Can read either one or zero 


SPI Clock Rate Selection 


| om 





internal. Processor 
Clock Divided By 





0 ‘0 2 
O. 1 4 
1 0 - 16 
1 1 32 








Serial Peripheral Status Register $0B 
Bs see contains a status ae 


Co Tae = Tae] TTT 


RESET: 
0 0 = 0 a S22, Se 


SPIF — Serial Peripheral Data Transfer Flag 
1=Indicates data transfer completed between pro- 
cessor and external device. 
(lf SPIF=1 and SPIE=1, SPI interrupt is ena- 
bled.) 
0=Clearing is accomplished by reading SPSR (with 
SPIF =1) followed by SPDR access. 
WCOL — Write Collision 
1=Indicates an attempt is made to write to SPDR 
' while data transfer is in process. 
0=Clearing is accomplished by reading SPSR (with 
WCOL= 1), followed: by SPDR access. 
MODF.— Mode Fault Flag 
1.=Indicates multi-master system control conflict. 
0=Clearing.is accomplished by reading SPSR (with 
MODF = 1), followed by a write to the SPCR. 
Bits 0-3, and 5 — Not used 
Can read either zero or one 


Serial Peripheral Data I/O Register $0C 


The SPDR is a read/write register used to receive and 
transmit SPI data. 


ar [soe [sos [soe [sus [so [en [sm] 


RESET: 

U U U U. “U “U U U 

A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will : 
only. occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. _ 

A read to the SPDR causes s the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, - 
the byte causing the overrun is lost. 
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INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
{A} and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


Description 





X:A X*A 


Mulitiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


H: Cleared 

|: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 
Source MUL 






















Condition 
Codes 



















Addressing 
Mode 
Inherent 









Opcode 
$42 





REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the. accumulator or the index register. The 
other operand is obtained from memory using one of the 





READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 















































[ Function Miemonic:| 
Increment INC 
Decrement DEC 
Clear CLR 
Complement i COM 
Negate (Twos Complement) NEG 

| Rotate Left Thru Carry it ROL | 
Rotate Right Thru Carry ROR 
Logical Shift Left LSL 
Logical Shift Right au LSR 
Arithmetic Shift Right ASR 
Test for Negative or Zero TST 
Multiply MUL | 








BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 





























































































addressing modes. The jump unconditional (JMP) and Eunction cj Mnemaniex 
jump to subroutine (JSR) instructions have no register Branch Always BRA | 
operand. Refer to. the following instruction list. Branch Naver BRN 
Function | Mnemonic Branch if Higher BHI 
Load A from Memory Branch if Lower or Same _ BLS 
Load X from Memory [SBeaneh if Carry Clear hc2 BCC 
Store A in Memory Branch if Higher ‘or Same BHS 
Store X in. Memory Branch if Carry Set ; BCS 
Add Memory to A Branch if Lower ; | BLO 
Add Memory and Carry to A Branch if Not Equal BNE 
Subtract Memory . j Branch if Equal BEQ 
Subtract Memory from A with Borrow Branch if Half Carry Clear BHCC 
AND Memory to A Branch if Half Carry Set , BHCS 
OR Memory with A | Branch if Plus | — 
Exclusive OR Memory with A Branch if Minus ami | 
Arithmetic Compare A with Memory Branch if Interrupt Mask Bit is Clear BMC 
Arithmetic Compare X with Memory Branch if Interrupt Mask Bit is Set BMS 
Bit Test Memory. with A (Logical Compare) 








Jump Unconditional Per 


| Branch if Interrupt Line is Low 


Branch if Interrupt Line is High 











Jump to Subroutine | 








| Branch to Subroutine 
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BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 














as 
| Function Mnemonic 
5 
| Branch Always BRA | 
Branch Never BRN 
L- = + 
Branch if Higher BHI 






Branch if Lower or Same 


Branch if Carry Clear 














[ Branch if Higher or Same ct BHS | 
Branch if Carry Set BCS 

. a = 
Branch if Lower i BLO 

. | 
| Branch if Not Equal __ | BNE 
Branch if Equal BEQ 





E 
Branch if Half Carry Clear 

Branch if Half Carry Set 

| Branch if Plus 


Branch if Minus 
if 














Branch if Interrupt Mask Bit is Clear 


Lu 





Branch if Interrupt Mask Bit is Set 





be 
Branch if Interrupt Line is Low 





Branch if Interrupt Line is High 














Branch to Subroutine 





CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 












































Function i Mnemonic | 
1 Transfer A to X Se TAX | 
Transfer X toA iY TXA 
F | 
L Set Carry Bit SEC | 
Clear Carry Bit CLC 
Set Interrupt Mask Bit SEI 
Clear Interrupt Mask Bit: cL 
| Software Interrupt kt SWI 
Return from Subroutine x RTS 
Return from Interrupt RTI 
r = =o | 
Reset Stack Pointer | RSP 
te No-Operation NOP | 
—t 
| Stop STOP 
“Tt 
Wait WAIT | 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capabie of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 


Mnemonic 
BRSET n (n=0...7) 
BRCLR n (n=O... 7) 
BSET n (n=0...7) 
BCLR n (n=0...7) 





Branch if Bit n is Set 





Branch if Bit n is Clear 





Set Bit n 
Clear Bit n 











OPCODE MAP SUMMARY 


Table 5 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One-or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to. reach all memory. 

’ The term “effective address” (EA) is used in describing 

the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. . 


IMMEDIATE 
in the. immediate addressing mode, the operand is con- 


' tained in the byte immediately following the opcode. The 


immediate addressing mode is used to access constants 
that do: not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 





ae aie Ora a ae ae a a ee 
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Table 5. Opcode Map 










r Read/Modity/Write Control ~ Register/Memory 














xX INH INH IMM DIR =X KZ 
7 8 9 A fy 6. D 
0111 1000 1001 1010 1011 1100 1101 

Cy 4 


Q000 

















8 
io 


7 Ras se Ru Ws 
Ss lo 3 


ENSO0DH899IN 











8 








> 


(a) > 
i — 





5 
BRSET2 
3 TB 





BRCLR2 
i BTg 








$ 5 
BRSETS | BSETS 


et =: 
BRCLA3 | BCLR3 




























































3 
oon) 
ra 
Leah 
cS. ; On = —— 3 3 73 
pee. | BRSET4 | BSET4 BHCC LSL LSLA LSLX LSL LSL 
O00 Bip B R DIR 1 INH 1 INH pa \ Ix 
5 5 3 “5 3 3 6 5 
3 | BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL 
O0 3 BT8 B R' DIA | 1 INH | 1 INH x1) Ix 4 
5 3 5 3 3 6 5 
ra BRSETS BSETS BPL DEC DECA DECX DEC DEC 
010 BIB B R OIR | 1 INH | 1 INH | 2 xv} IX 
5 5 3 : 
ae | BRCLR5 BCLR5 BM} 
3 B18 B REL 100) 
; 3 5 3 3 6 5 
BRSET6 BSET6 BMC INC INCA INCX INC INC Cc 
1100 BTB B : Bee 2 Bik 1 It 1 ie 2 a t % 4100 
Lo | BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST 0, 
Q Brg BS¢ 2 R' i DIR | 1 INH | 1 INH | 2 ixi J Ix 
BRSET? BSET7 BIL ee 
1110 BT8 B R 
5 5 3 5 3 3 6 5 d 
F BRCLR? BCLR7 BIH CLR CLRA CLRX CLR. CLR 
Ww 3 BIB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 x1 1 ix « Wy 
Abbreviations for Address Modes 
INH inheren : 
A Paste a Opcode in Hexadecimal 
x index Register 
iMM Immediate ; Opcode in Binary 
DIR ~ ‘Direct ; Mnemonic 
EXT. __ Extended ; Bytes 
REL Relative : : 
BSC Bit Set/Clear s . Cycles Address Mode 
BTB. _—Bit Test and Branch , 
(xX Indexed (No Offset) 
x1 indexed, 1 Byte (8 Bit) Offset 


IX2 Indexed, 2 Byte (16-Bit) Offset 
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EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are. capable of referencing arguments anywhere in 
memory with.a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses. director extended addressing. The 
assembler automatically selects the:shortest form of the 
instruction.’ , 


RELATIVE . 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 


Otherwise, control proceeds to the next instruction. The © 
span of relative addressing is from —126 to +129 from 


the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/O location. 


INDEXED, 8-BIT OFFSET © 


In the indexed, 8-bit offset addressing mode, the ef- 


fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an.n element table. With this two-byte 
instruction, K would typically be in X with the.address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last Jocation at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address.is the sum of the contents of the: unsigned’ 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in.a. manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 


.or cleared is part of the opcode, and the byte following 


the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or.cleared. Any. read/ 
write bit in the first 256 locations of memory, including 
\/O, can be selectively set or cleared with a single two- 


' byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct‘addressing and relative addressing. The. 
bit that is to be tested and its condition (set-or clear),. is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location:.This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from..—125 to + 130: 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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‘ ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 





















Rating . Symbol | Value Unit | This device contains circuitry to protect the in- 

puts against damage due to high static voltages 

Supply Voltage , Yop |. ~ 9.3 to +7.0 v | or electric fields; however, it is advised that nor- 
Input Voltage : Vin Vss -0.3 to Vv mal precautions be taken to avoid application of 
7 Vpp +0.3 any voltage higher than maximum-rated voltages 





to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vjpn and Voyt be 
constrained to the range Vsg = (Vjn or Vout) *- 
mA Vpp. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
7 voltage level (e.g., either Vgg or Vpp). * 


Vin Vggs - 0.3 to 


2xVpp + 0.3 


Current Drain Per Pin Excluding I -25 
Vpb and Vss 
Operating Temperature Range Ta TL to TH 


Self-Check Mode (IRQ Pin Only) 























_ MC68HCO5C3P, FN Oto +70 
MC68HCOSC3CP, CFN —40 to +85 
MC68HCOSC3VP, VEN |” : -—40 to +105 
MC68HCOSC3MP, MFN ~40t 125 

| ah o+ | 
Storage Temperature Range Tstg —65 to +150 °C 





THERMAL CHARACTERISTICS 


Characteristic Symbol _ Value Unit 

Thermal Resistance : “CW 
Plastic 60 
Plastic Leaded Chip Carrier (PLCC) 70 


POWER CONSIDERATIONS 


















The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp* 8a) (1) 
where: 
Ta = Ambient Temperature, °C 
BA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Po = Pint +Pio 
PINT =!lec*Vec: Watts — Chip Internal Power 
PvO = Power Dissipation on Input and Output 


Pins — User Determined 


Vpp =4.5 V 


: 

Pins R1 R2 
PAO-PA7, 3.26 kQ | 2.38 kD 
PBO-PB7, 

PCO-PC7, 


PD1-PD4 
PDO, PD5, PD7| 1.9 k2 






















2.26 kD 











Vpp=3.0 V 
Pins R1 R2 Cc 
| PAO-PA7, 10.91 kQ 
PBO-PB7, 6.32 kD 
PCO-PC7, 
| PD1-PD4 

















PDO, PD5, PD7 6 kQ 











For most applications P},9<Pijt and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pio is neglected): 


Pp =K + (Ty +273°C) (2) 
Solving equations (1) and (2) for K gives: = 
K=Pp+(Tat+273°C)+6yaPp? (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and T, can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


VoD 
R2 
(See Table) 
Test 
Point 
Cc R1 
(See (See Table) 
Table) 


Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp = 5.0 Vde + 10%, Vgs =0 Vdc, Ta=T_ to Ty, unless otherwise noted) 






















































[ : Characteristic Symbol Min a cae Typ 4 Max Unit 

Output Voltage, ILoaq=10.0 pA VOL — — 0.1 V 

VOH Vpp - 0.1 = = 

Output High Voltage VOH Vv 
(Load = 0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) Vpp- 0:8 - e aes 
(ILoad = 1.6 mA) PD1-PD4 (see Figure 20) Vpp - 0.8 —_ — Mi 

Output Low Voltage (see Figure 21) VOL — — 0.4::. OM | 
(ILoad = 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP : Bs . 

Input High Voltage VIH 0.7xVpp _— VoD V 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 5 : 
RESET, OSC1 | 

Input Low Voltage VIL VSs — | 0.2xVpp Vv 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, : 

RESET, OSC1 
; aa Ty 

Data Retention Mode (0° to 70°C) VRM 2.0 — _ Vv 

Supply Current (see Notes) IpD 
Run (see Figures 22 and 23) — 3.5 7.0 mA 
Wait (see Figures 22 and 23) — 1.6 4.0 mA 
Stop (see Figure 23) 

25°C — 2.0 50 pA 
0° to 70°C (Standard) — _ 140 pA 
~40" to +85°C — _— 180 pA 
--40° to + 125°C — — 250 pA 

10 Ports Hi-Z Leakage Current lik ‘a — +10 pA 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 

Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 

Capacitance 
Ports (as Input or Output) 

RESET, IRO, TCAP, PDO-PD5, PD7 








NOTES: 
. All values shown reflect average measurements. 
. Typical values at midpoint of voltage range, 25°C only. 


RWN= 


no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 


Stop Ipp measured with OSC1=Vss. 


ONO 


. Wait Ipp is affected linearly by the OSC2 capacitance. 





. Wait, Stop Ipp: All ports configured as inputs, Vj_=0.2 V, ViH=Vpp-—0.2 V. © 
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Wait Ipp: Only timer system active (SPE = TE = RE =0). If SPI, SCI active (SPE = TE = RE=1) add 10% current draw. 
. Run (Operating) Ipp, Wait Ipp: Measured using externa! square wave clock source (fog¢ =4:2:MHz), all inputs 0.2 V from rail; 


Standard temperature range is 0° to 70°C.. Extended temperature versions and a 25°C: only version.-are avelente. 
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DC ELECTRICAL CHARACTERISTICS 


(VpD=3.3 Vde + 0.3 Vde, Vgg =0 Vdc, Ta=TL to Ty, unless otherwise noted) — . 

























































RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PDO-PD5, PD7 





NOTES: 
All values shown reflect average measurements. 
Typical values at midpoint of voltage range, 25°C only. 


Pwn> 


no dc loads, less than 50 pF on all outputs, C, =20 pF on OSC2. 


Stop Ipp measured with OSC1=Vss. 


On Am 


, Wait Ipp is affected linearly by the OSC2 capacitance. 


. Wait, Stop Ipp: All ports configured as inputs, Vj, =0.2 V, ViH=Vpp - 0.2 V. 
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Wait Ipp: Only timer system active (SPE = TE =RE=0). If SPI, SCI active (SPE = TE =RE = 1) add 10% current draw. 
Run (Operating) Ipp, Wait.lIpp: Measured using external square wave clock source; (fog¢=4.2 MHz), all inputs 0.2 V from rail; 


. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C ‘only version are available. 








voy Characteristic 7, | Symbol Min ihe Typ Max Unit 
Output Voltage, ILogq=10.0 nA VOL = ae ai 0.1 le V 
= Sell VOH NOD oa a 4 
Output High Voltage VOH | | V 
(ILoad = 0.2 mA) PAO-PA7, PBO-PB7,.PCO-PC7, TCMP (see Figure 19) Vpp - 0.3 _— > 
(ILoad = 9-4 mA) PD1-PD4 (see Figure 20) Vpp - 0.3 — — 
1 ae ol, =<sl | ~ | 
Output Low Voltage (see Figure 21) VOL — 1. 0.3 V 
(ILoad = 0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP ; sai 
nomen vetast 1, Se wool a bates 
PAO-PA7, PBO-PB7, PCO-PC7, PDO- PDS, PD7, TCAP, RO, e ; 
RESET, OSC1 J 
Input Low Voltage . VIL Vss _ 0.2xVpp V, 
PAO-PA7; PBO-PB7, PCO- PC7, PDO-PD5, 'PD7, TCAP, IRQ, i 
RESET, OSC1 
all | 
Data Retention Mode (0° to 70°C) VRM 2.0 — _{ — Vo 
—_____4+——— 
Supply Current (see Notes) IDD 
Run (see Figures 22 and 24) _ 1.0 2.5: mA 
Wait (see Figures 22 and 24) — 0.5 - 1.4 ~mA 
Stop (see Figure 24) . 
25°C _ 1.0 30 pA 
0° to 70°C (Standard) — — 80 pA 
~ 40° to +85°C — — 120 pA 
40° to +125°C ih 175 ae vA 
| 1/0 Ports Hi-Z Leakage Current | Ne ~ _ +10 «. pA 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 . 
— —t — — + 
Input. Current. lin —_ — +4 pA 





MC68HCO05C3 


Ilow| (mA) 





Vop-VoH (Volts) 


Figure 19. Typical VOH vs lon for Ports A, B, C, and TCMP 





HOH] (mA) 





Vopb-VoH ([Voits) 


VoL (Volts) 


Figure 20. Typical VoH vs IoH for PD1-PD4 Figure 21. Typical Vox vs lot for All Ports 
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: (3.5 mA} 
{2.9 mA) 

RUN : 
(OPERATING) 
MODE 

Re: } 

3 
am 


// {0.9 mA} 
j 
Va 


3.5 








3.0 


2.5 


2.0 


Ipp (mA) 
IpD (mA 








0.5 








0 0.5 1.0 1.5 
Internal Frequency 1/tcycle (MHz) 


2.0 0) 0.5 1.0 15 
Internal Frequency 1/tcycle (MHz) 


2.0 


Figure 22..Typical Current vs Internal Frequency for Run and Wait Modes 
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IDp (mA) 





Internal Frequency (MHz) 


Figure 23. Maximum Ipp vs Frequency for Vpp =5.0 Vdc 


(2.5 mA) 
Vop = 3.3 V+ 10% 





Stop Ipp (80 wA; 0°— 70°C) 
pf 
0- 0.2 ‘0.4 


0.6 0.8 
Internal Frequency (MHz) 


1.0 


Figure 24. Maximum IppD vs Frequency for voo= 3.3 Vde 
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CONTROL TIMING 
(Vpp =5.0 Vde+ 10%, Vgg=0 Vdc, Ta= Tt to Ty) 


=a at 
Characteristic | Symbol Min | Max Unit 























Frequency of Operation fosc iz MHz | 
Crystal Option —_ 4.2 
External Clock Option de qs 42 | “| 
Internal Operating Frequency : ; fop a MHz 
Crystal (fog¢ = 2) —_ 2.1 
External Clock (fos¢ +2) aE de 2.1 a 
7 | 


Cycle Time (see Figure 28) 





















Crystal Oscillator Startup Time (see Figure 28) _ toxov — 100 ms 
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tILCH = 100 ms 
RESET Pulse Width (see Figure 28) ~ zi tRL 1.5 _| Bee aleve 
Timer 
Resolution** tRESL 4.0 _ teye 
Input Capture Pulse Width (see Figure 26) . tTH, tTL 125 _ ns 
Input Capture Pulse Period (see Figure 26) a tTLTL FER HH = L__ teye af 





























Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tH 125 _ ns 
a , 
Interrupt Pulse Period (see Figure 8) - - t * — t 
Pp 9g ILIL — cyc 
OSC1 Pulse Width toH, to 90 — ns | 





*The minimum period tLj_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 toye. , 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be tess. than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 toyc. 





osci! 





SS KNX EXE KRKKKIK FE Kit KEK) 


Address 
Bus 
AEST omer or Interrupt 

NOTES: Vector Fetch 

1. Represents the internal gating of the OSC1 pin. , 

2. IRO pin edge-sensitive mask option. 

3. IRQ pin level and edge-sensitive mask option. 

4. RESET vector address shown for timing example. 






Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Vpop =3.3 Vdc + 0.3 Vdc, Vgg =0 Vde, Ta=TL to Ty) 


Frequency of Operation 
Crystal. Option 
External Clock Option 











Internal Operating Frequency 
Crystal (fos¢ = 2) 
External Clock (fgg¢ = 2) 









Cycle Time (see Figure 28) 
Crystal Oscillator Startup Time (see Figure 28) 
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 


RESET Pulse Width — Excluding Power-Up (see Figure 28) | tat | 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 














Interrupt Pulse Period (see Figure 8). 
~OSC1 Pulse Width 





‘ *The minimum period tj_|L should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 toyc- 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this i is the limiting minimum factor in determining the 
timer resolution. 
-***The minimum period t7LTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 toyc. 





. . mn —>| — {TH b= —+| ‘TL = 
External 
Signal | | | | | | | | | | 
(TCAP : ‘ 
Pin 37) 


Figure 26. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING ; 
(Vpp =5.0 Vde + 10%, Vgg =0 Vdc, Ta=TL to Ty) (see Figure 27) 




























































Num. | ey Characteristic. ; Symbol .. Min Max Unit 
Operating Frequency es | . Ae 
Master: : fop(m) dc 0.5 *  fop 
Slave _ | _ fopts) dc a 211 | MHz 
“+ 4 Cycle Time . a> Qe 
. Master : : teyc(m) 2.0 + teye : 
Slave i . : _teye(s) 480 ine NS 
2 Enable Lead Time BN “al pr Fa 
Master : tlead(m) * hers ns 
Slave = tlead(s) - 240 ~ —| ns 
Enable Lag Time ’ eal: : san ae 
Master : tlag(m)- * — _ ns 
Slave eR | tlag(s) 240 —_ ns | 
Clock (SCK) High Time: ; = fet 
Master Ms tw(SCKH)m 340 | oo ns + 
Slave sett es twi(SCKH)s |— 190 ps ise | ns. 
Clock (SCK) Low Time... Bretes “82avey : 
Master : tw(SCKL)m’ 340 oe ip ns" 
Slave *" . ‘ : tw(SCKL)s 190 — ns 
6 _ | Data Setup Time (Inputs) ya - 
Master. . tsu(m) . 100 = _ ns 
cE "| Slave tsu(s) 100 = “ns 
_ 7.) Data Hold Time (Inputs) ns ie ; . : ae | i 
Master th(m) 100 _ ns 
Slave... ba Mian Ses on 6 ‘| this) © 700°, — "ons 
ayo a | 
8 Access Time (Time to Data Active from High-Impedance State) 
Slave ta 0 120 ns 











Disable Time (Hold Time to High-Ilmpedance State) 
Slave 


Data Valid 











































Master (Before Capture Edge) tv(m) 0.25 — teyc(m) 
Slave (After Enable Edge)** tv(s) ae 240 ns 
11 | Data Hold Time (Outputs) 
Master (After Capture Edge) : tho(m) 0.25 a teyc(m) 
Slave (After Enable Edge) 7 _. tho(s) 0 = ns 
Beas : te T 
12 | Rise Time (20% Vpp to 70% Vpp, Cy = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ trm — 100 ns 
SP! Inputs (SCK, MOSI, MISO, and SS) Sait trs _ + 2.0 ws 
13 | Fall Time (70% Vpp to 20% Vpp, CL=200 pF) 
SPI Outputs (SCK, MOSI, and MISQ) _ ttm _— 100 ns 
SPI Inputs (SCK, MOSI, MISO, and SS) tts _ 2.0 tes 


—s 1. 





*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp =3.3 Vdc +0.3 Vdc, Vgg =0 Vdc, Ta=TL to TH) (see Figure 27) 





Num. Characteristic 


Operating Frequency 


Master 
[ ieee 
1 Cycle Time 
































Master teyc 
2 | Enable Lead Time a i 
Master : 2 tlead(m) 
Ee | Stave -| _tlead(s) 
3 Enable Lag Time: sot ; 
Master 
Slave 
4 | Clock (SCK) High Time . . ah 
Master \ BON cating, oF .tw(SCKH)m 
Slave ee ae : twi(SCKH)s. 
5 Clock (SCK) Low Time’ : 
Master tw(SCKL)m 
= fis Slave BE ho a[ tw(SCKL)s 
6 Data Setup Time (Inputs) 
Master Say 2 y. tsu(m) 
Slave tsu(s) a 
7 |Data Hold Time (Inputs) 
Master th(m) 
Slave th(s) = 


8 | Access Time (Time to Data Active from High-Impedance State) | 
Slave ta 0 250 
9 | Disable Time (Hold Time to High-Impedance State) 
Slave ie - | a tdis oo 500 





3 >) 3 so* 
EPL be hee be be be be i r 























10 | Data Valid ' 
Master (Before Capture Edge) oe ty(m) ° 0.25 _ * teye(m) 
Slave (After Enable Edge)** tv(s) = 500 
11. | Data Hold Time (Outputs) eo: ; 2 “Ne 
Master (After Capture Edge) : tho(m) 0.25 — tcyc(m) 
Slave (After Enable Edge) _ “4. thots) ~ 0 — 
12 | Rise Time (20% Vpp to 70% Vpp,-CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) ___... = tem - ee . 200 ns 
SPI Inputs (SCK, MOSI, MISO, and SS) ‘ts a. 2.0 vhs) 
13 | Fall Time.(70% Vpp to 20% Vpp; C1 = 200 pF) ae TT on 
SPI Outputs (SCK, MOSI, and MISO)” sn ABRs = 200 ons 
SPI Inputs (SCK, MOSI, MISO, and SS) “ts _— | 2.0 - ops 








*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 





MOTOROLA MICROPROCESSOR DATA | 
3-853. 





MC68HCO5C3 


ss ; 
(NPUT) SS is Held High on Master 











SCK (CPOL=0) SEE 
(OUTPUT) NOTE + 






SCK (CPOL=1) 


SEE 
(OUTPUT) 


NOTE 





MISO 
(INPUT) 
Most i” K) MASTER MSB OUT 





(3 
NOTE: This first clock edge is generated internally but is not seen at the SCK pin. 


a). SP! MASTER TIMING (CPHA=0) 


5S ; é 
(INPUT) SS is Held High on Master 










SCK (CPOL=0) 
(OUTPUT) 


SCK (CPOL=1) 
(OUTPUT) 










MISO 

(INPUT) .- 

Stan at 
en (7) 


NOTE: This last clock edge is generated internally but is not seen at the SCK pin. 


b) SP! MASTER TIMING (CPHA = 1) 


Figure 27. SP! Timing Diagrams (Sheet 1 of 2) 






MOTOROLA:MICROPROCESSOR DATA. 
3-854 


MC68HCO05C3 | 


SS 
(INPUT) 








SCK (CPOL=0) 
(INPUT) 

-O-|| 
—_ =2 & 
(INPUT) 

@ 

MISO 
a om) ecco 
MOSI 


| 
(NPUT) b— LSB IN 


NOTE: Not defined but normally MSB of characier just received. 





c) SPI SLAVE TIMING (CPHA=0) 


SS 
(INPUT) 





SCK (CPOL=0) at } 
(INPUT) a 
_O- 
| (5) 
SCK (CPOL=1) | 
(INPUT) ore] 


are (| SLAVE MSB OUT a BIT6-- IK SLAVE LSB OUT 


( 


rane! 


So 


MISO 
(OUTPUT) 


cag salve © 
MOSI a 


NOTE: Not defined but normally LSB of character previously transmitted. 


d) SPI SLAVE TIMING (CPHA = 1) 


Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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998-€ 
VLVG YOSSIIOUdOHDIN WIOYOLON 












VDD DO Threshold (1- : V Typical) 


I 
! Be INIOLLILLLLLLLLILLLLLLLLDLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL 


osc1** 
Hoxov, 4064 toye } 


. Internal 
Processor 
Clock * 


Internal: ~~ 
Address = ° = 
| | “Bus* 


--Internal’ 
--": Data 
Bus* 





RESET 


* Internal .timing signal and bus information not available externally. 
**OSC1 line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 


_ Figure 28. Power-On Reset and RESET . 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, asales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer’s name, data, project or product name, and 
the name of the file containing the pattern. 

in addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $0OBFF with 
vectors from $1FF4 to $1FFF. All unused bytes, including 
the user’s space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 





xxx = Customer ID 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C3 device. 











Package Type Temperature MC Order Number 
Plastic 0°c to +70°C MC68HCO5C3P 
(P Suffix) —40°C to + 85°C MC68HCO5C3CP 
—40°C to +105°C | MC68HCO5C3VP 
— 40°C to + 125°C |: MEBSHICOICME 
PLCC O°C to + 70°C MC68HCO5C3FN 
(FN Suffix) —40°C to + 85°C | MC68HCO5C3CFN 
— 40°C to + 105°C | MC68HCO5C3VEN 
_| —40°C to + 125°C | MC68HCO5C3MFN 








IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


40-PIN DUAL-IN-LINE PACKAGE 


VDD 
Osci 


OSC2 
TCAP 
PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOSI 
PD2/MiSO 
PD1/TDO 
PDO/RDI 
PCO 

PCI 

PC2 


1 
2 
3 
4 
5 
6 
Z 
8 
9 








NOTE: Bulk substrate tied to Vss. 
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TECHNICAL DATA 
MC68HC05C4 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

@ On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
Memory-Mapped I/O . 
176 Bytes. of On-Chip RAM 
4156 Bytes of User ROM 
24 Bidirectional !/O Lines and 7 Input-Only Lines 
Serial Communications Interface (SCi) System 
Serial Peripheral Interface (SP!) System 
Self-Check Mode 
Power-Saving STOP, WAIT, and Data Retention Modes 
Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
Fully Static Operation — 
8x8 Unsigned Multiply Instruction 





BLOCK DIAGRAM 



















TCMP OSC1 OSC2 
inert Internal 
P , 
TCAP Timer pear Oscillator Processor 
. System and Clock 
+-2 RESET 
iRQ 
PAO PCO . 
PAI Accumulator PCi 
Port PA2 CPU PC2 P 
A PA3 Port | Data Index Control Data Pan PC3 ee 
0 PA4 A Dir Register Dir PC4 i/0 
Lines PAS 31 Reg } Reg Reg PC5 : 
PAG Condition C6 Eines 
PA7 Code PC7 
Register 
is Stack et 
PBl Pointer 
C RDI (PDO) 
Port «P82 Program aol TDO (PDI) 
B PB3 Port | Data Counter MISO (PD2) 
VO _PB4 B | Dir High ALU MOSI(PD3) 
Lines PBS Reg | Reg Program SPI SCK (PD4) 
= Counter SS (PD5) 
<2 2 
Low Baud Rate 
Generator 


4156-8 176 x8 Internal 
ROM oa Processor 
240 x 8 GER 
Self-Check 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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” SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IR 


This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 





these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and fgsc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 


[Jaane] Unis | 
Rs typca | io | a | 
fap 10] wi 
CC ee 









(a) Crystal/Ceramic Resonator Parameters 






MCU 





OSC1 OSC2 





ca me Cosc2 


(b) Crystal/Ceramic Resonator 
Oscillator Connections 





(d) RC Oscillator Connections 


L Cy Rg 
OSC2 : OsCl 
38 39 
Co 
38 in 39 


(c) Equivalent Crystal Circuit 





Unconnected 


External Clock 


(e) External Clock Source Connections 
(For Crystal Mask Option Only) 


Figure 1. Oscillator Connections 
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Oscillator Frequency (MHz) 


py a 


= 
iat 
= 
= 
> 





moans 


‘AGBBll 
cco 


0.01 Seeciiinemaiiiiinn 





5 


50 100 200 500 1000 


Resistance (kQ) 


Figure ra Typical Frequency vs Resistance for 
RC Oscillator Option Only 


Ceramic Resonator 


A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 


INPUT CAPTURE (TCAP) 


This pin controls the input capture feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP) — 


This pin provides an output for the ‘output compare 
feature of the ¢ on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. 





INPUT/OUTPUT PORTS (PA0-PA7, PBO-PB7, PC0-PC7) 


These 24 lines are arranged into three 8-bit ports (A, 


B, and C). These ports.are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PDO-PD5, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 


PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
Output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid: undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the 1/O pin functions. 


Table 1. /O Pin Functions 
|. RiW* | por | VO Pin Functions 

The 4/O pin is in input mode. Data is 
written into the output data latch. 
Data is written into the output data latch 
ace output to the 1/0 ee ae 
| 0 |The state of [The state of the 0 pin is read. —_| 1/0 pin is read. 

tH The I/O pin is in an output mode. The 
output data latch is read. 


*RW is an internal signal: 
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Figure 3. Typical Port I/O Circuit 


FIXED INPUT PORT PROGRAMMING 


Port Dis a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled: For example, 


with the SCI enabled, PDO and PD1 inputs will read zero. : 


With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 


‘NOTE 


Any unused inputs and |/O ports should be tied to. 7 
an appropriate logic level (e.g., either Vpp or Vs). 


~ SERIAL PORT (sci AND SPI) PROGRAMMING 


: The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PDO-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four.of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCR), | and slave select (SS), 
espace: 


MEMORY 


The MCU i is abaple of addressing 8192 bytes of mem-: 


ory and 1/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The'user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 


The shared stack area is used during processing of an: 


interrupt or subroutine call to save the CPU state:, The 
stack pointer decrements during pushes and increments 


during pulls. Refer.to INTERRUPTS for additional infor- 


mation. 


NOTE. 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described. in the fol- 
lowing paregrepns: 


ACCUMULATOR (A) 


The accumulator i isa general- purpose 8- bit register used 
to. hold operands and results of. arithmetic calculations 
or data manipulations. 

7 0 


INDEX REGISTER (X) 


The index register is an 8- bit register ijeea for the in- 
dexed addressing mode. It contains an‘ 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be.used 
as a temporary storage area. 


7 0 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 2k 





12.- ; ; " 0 





STACK POINTER (SP) 


The stack pointer:is a'13-bit register : that contains the’ 
address of:the next free location on'the stack: During an 
MCU reset or:the reset stack pointer. (RSP): instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. - : 

When accessing memory,. the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register. bits to pro- 
duce an address within the range of $00FF to $00CO. 
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$0000 


0000" 
1/0 7 Bytes 
32 Bytes 
$001F 0031 
$0020 : 0032 
». User 
ROM \ 
48 Bytes \ 
$004F 0079 e423 
$0050 0080 ’ Serial Peripheral 
: \ : ': Interface 


RAM 
176 Bytes 


\ mee 3 Bytes 


Serial 
0191 ° Communications 
0192 : Interface 
5 Bytes 


$OOBF 
$00C0. 


SOOFF 
$0100 


0265 
0256 : Timer 
, 10 Bytes 


4351 — Unused 
4382 4 Bytes 


$10FF 
$1100 





S1EFF 7935 
$1F00 7936 
Self Check 
S1FDF tan feo ee 
$1FEO 
Self-Check Zoe 
Vectors 256 Bytes 
$1FEF 8175 
pee i 
$1 FF3 4 Bytes. 8179 
S1FF4 User 8180 
Vectors 
$1FFE 12 Bytes 8191 










$00 
2 
a 
| 
Serial Communications Contro} Register 2 - 


Unused 






















Figure 4. Memory Map 


i 
oo 


Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses. five locations. 


12 ad : . . : : f 
EYER 2 ee eee 


CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four’ bits are ‘ised 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


CCR 


Pu}etn ize | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) © 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. : 


Negative (N) 


When set, this. bit indicates, that the result of the last 
arithmetic, logical, or data manipulation was negative 


~ (bit 7’ in the result is a logic one). 


.. Zero (2). 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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Carry/Borrow (C) 


When set,.this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU). occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. ° a 


SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 


using the circuit shown in Figure 5. Port C pins PCO-PC3- 


are monitored for the self-check results. After reset, the 
following seven tests are.performed automatically: 
VO — Exercise of ports A, B, and C 
RAM —.Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity: result 
Timer — Tracks counter register and checks OCF flag 


Interrupts — Tests external, timer, SCI and SPI in- -- 


terrupts. 












PA4 
PA3 
PA2 
PAI 
PAO 





NOTE: The RC Oscillator Option may also be used in this circuit. 





PDS5/SS 
PD4/SCK 
ppg/mos! - 
PD2/MISO 

~ PDI/TDO 
PDO/RD! 


SCI —.Transmission test; chécks RDRF, TDRE, TC, 
and FE flags . 
SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 
Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 


TIMER TEST SUBROUTINE 


-This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z.bit is set. The timer 
test subroutine is called at location. $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 


‘by-four prescaler, each timer count cannot be tested. The 


test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and-$0051 are overwritten. Upon return to the user’s pro- 
gram, X=40. If the test passed, A=0. 


4.7K 


Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 


[refer tests 

rol o[1 eae 
o [1 [0 [ean 
Po [+ [1 [esa tiner 


Bad SCI 















Flashing Good Device 
All Others Bad Device, Bad Port C,.etc. 
0 indicates LED is on; 1 indicates LED is off: 















ROM CHECKSUM SUBROUTINE. . 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the.Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 


location $0053 equal to $01 and A=0. A short routine is © 


set up and executed in RAM to. compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X=0. If the test passed, A=0: 


RESETS © 


The MCU can be reset two ways: by initial power-up 





and by the external reset input (RESET). The RESET input » 


consists mainly of a Scien tigger met senses the RE- 
SET line logic level. aba 


POWER-ON RESET (POR) 


__ An internal reset is generated on power- up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 


not be used to detect a drop-in the power supply voltage. ° 


There is a 4064 internal processor clock cycle (tey¢) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4046 teyc, the MCU will remain in the 
reset condition until RESET goes high. 


~ 








Increasing Memory 
Addresses 


TTT 


Unstack 


1 Condition Code Register 
Index — 


EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (tey¢): 


INTERRUPTS 


The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRO, SPI, SCI, and 
timer) and the nonmaskable Borware interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to. resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 


_bit clear) and if the corresponding interrupt enable bit is 
“set, the processor proceeds with interrupt processing; 


otherwise, the next instruction is fetched and executed. 

If both an’external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the |-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timerinterrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


0 Stack 






Decreasing Memory 
Addresses 


AVvVCWVMHA]SZ— 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. ao from the stack is 


in the reverse order: 


Figure 6. Interrupt Stacking Order 
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Clear IRQ 
Request 
Latch 


RO 
External 
Interrupt 















Stack... 
_ PC, X, A, CC 



















Timer 
Internal 
Interrupt 









Load PC from: 
SWI:$1FFC-$1FFD 
IRQ: $1FFA-$1FFB 

Timer: $1FF8-$1FF9 
SCl: $1FF6-$1FF7 

SP!: $1FF4-$1FF5: 







Sel. 
Internal 
Interrupt 






Compiete 

















Interrupt 
Routine 
SPI and Execute. 
. ‘Internal RTI 
Interrupt — 


.. Fetch, 
“Next 
Instruction — 





Execute 
Instruction 


Figure 7. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT . 


If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the |'bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 


Level-Sensitive Trigger 





Mask Option 


Interrupt Pin 


serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (ti, |) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines ““wire-ORed” to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then. the next in- 
terrupt is recognized. 


_ NOTE 
_ The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 


ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. - 





External - 
Interrupt 
Request 


| Bit (CC) 





Power-On Reset 
External Reset 


External Interrupt ~ 
- Being. Serviced (Vector Fetch) 


~ (a) Interrupt Internal Function. Diagram 


mo —>| Fe win | | 


Edge-Sensitive Trigger Condition 
The minimum pulse width (ty j}) is either 
125 ns (Vpp=5 V) or 250 hs (Vpp=3 V). 
The period ti, 1, should not be Jess than 
the number of toy cycles it takes to ex- 
ecute the interrupt service routine plus 21 
teyc cycles. Ss . 


_ Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ re- 


WO fe Hf mains. low, then the: next interrupt is 
'@.. recognized. : . 
e : F Z : 
BRE is Normaily 
{ROn mi Used with 
‘ Wire-ORed 
Connection 


(MCU) 


(b) Interrupt Mode Diagram 


Figure 8. External Interrupt 
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SOFTWARE INTERRUPT (SWI) 


- The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. — 


SCI INTERRUPTS 


An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 


SPI INTERRUPTS 


An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the | bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


SCI during STOP Mode 
When the MCU enters the STOP mode, the baud rate 


generator stops, halting all SCI activity. If the STOP in- . 


struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRO pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 


data sampling stops because the baud rate generator 


stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 


SPI during Stop Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 


transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP. mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU.is in the 
slave mode when the STOP, instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master. device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRO 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP. mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. ~ me, : 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 











Stop Oscillator 
And All Clocks 


Clear t Bit 











External 
Interrupt 
(IRQ) 


Turn On Oscillator 
Wait for Time 
Delay to Stabilize 


(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 

b. Set | Bit 

c. Vector to Interrupt 
Routine 


Figure 9. STOP Function Flowchart 
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power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 


DATA RETENTION MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 














Oscillator Active 
Timer, SC!, And SPI 
Clocks Active 
Processor Clocks Stopped 


N 
E 





‘ Restart 
Processor Clock 


(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 

b. Set | Bit 

c. Vector to Interrupt 
Routine 





















- | 
xternal 
Interrupt 
(IRQ) 


Yes Interrupt 
No 
= 


TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figur 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment.. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 


~ No 


Timer 





No 





SPI 
Interrupt 





Figure 10. WAIT Function Flowchart 
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NOTE 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte register of a’spe- 
cific timer function to ensure that an interrupt does 
not occur. 


COUNTER 


The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) -or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1B) receives the count value at the time of the read. 


If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user'reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter. alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. ee 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read:at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
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Figure 11. Timer Block Diagram 
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running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles: When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


OUTPUT COMPARE REGISTER 


The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal. bus. clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input.edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardiess of whether the input capture flag (ICF) is set 


or clear. The input capture register always contains the ~ 


free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is a read/write register containing five donttal 
bits. Three bits control interrupts associated with the timer 
status register flags .ICF, OCF, and TOF. - 


He [aoe To ToT To Ta 


RESET: ; 
0 0 0 0 0 0 U . 0 


ICIE — Input Capture Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled. 
TOIE — Timer Overflow Interrupt Enable 
; = Interrupt enabled 
=Interrupt disabled 
ae — Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 
1= Positive edge 
0=Negative edge 
Reset does not affect te IEDG bit (U= unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 
1=High output 
0=Low output 


Bits 2, 3, and 4 — Not used 


Always read zero 


TIMER STATUS REGISTER (TSR) $13 — 


The TSR is a read-only register containing three status 
flag bits. 


7 6 5 4 3 2 j 0 
| ior | oct | tor | o | o | o | o | o | 
picts »  U U - 0 0 0 0 0 


ICF — Input Capture Flag 
1=Flag set when selected polarity edge is sensed by 
input capture edge detector 
0 =Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
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OCF — Output Compare Flag 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
register ($17) are accessed 
TOF — Timer Overflow Flag 
1= Flag set when free-running counter ‘tansition from 
$FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 


Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 

TOF is set, and 

2) The LSB of the free-running counter is read but not 

for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is. used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 


idle Line 


aon oer YH 


* Stop bit is always high. 


SERIAL COMMUNICATIONS INTERFACE _ 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 


SCI TWO-WIRE SYSTEM FEATURES 


e Standard NRZ (mark/space) format 

e Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

@ Full-duplex operation (simultaneous transmit and re- 
ceive) 

e Software programmable for one of 32 different baud 
rates 

@ Software-selectable word length (eight- or nine-bit 
words) 

e@ Separate transmitter and receiver enable bits 

@ SCI may be interrupt driven 

Four separate interrupt conditions 


SCI RECEIVER FEATURES 


Receiver wake-up function (idle or address bit). 
Idle line detect 

Framing error detect 

Noise detect 

Overrun detect 

Receiver data register full flag 


SCI TRANSMITTER FEATURES 


® Transmit data register empty flag 
® Transmit complete flag 
@ Break send 


Any SCi two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 


Control bit ‘’M’’ 
Selects 8 or 9 bit data 


VOR WN 
nan oe YN 


Figure 12. Data Format 
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WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI. receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. {f in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 


detected, the start bit, each data bit; and the stop bit are - _ 


each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when.all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to. operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit.is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF=1, FE =1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic:one before start. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data.register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCl wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used.as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If-the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. ; 

When the SCDAT is read, it contains the last data byte 
received; provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 


_ a data byte is transferred from the input serial shift reg- 


ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 
An idle line interrupt is generated if the idle line inter- 


_ruptis enabled and the SCSR IDLE bit (which detects idle 


line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 


Serial Communications Data Register (SCDAT) $11 


The SCDAT is a read/write register used to receive and 
transmit SCI data. 


Pevse 6, 5 4 3 2 1 0 


RESET: 
U U U U U U U U 
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As shown in Figure 13, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. , 


Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length and select the wake-up method. 





7 6 5 4 3 2 1 0 
[re | we | — | m [ware] — | — | - | 
RESET: : ; 
U a U U Be = aa s 
R8 — Receive Data Bit8 eS 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M=1). 

T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M=1). — 


_ SCI Interrupt Internal Bus 






SCDAT 
$11 





ransmit Data 
Shift Register 


PD1/TDO 


Control 


Receive Data] SCDAT 
_ Register $11 


Receive Data 7 
Shift Register 


PDO/RDI 


Ee at 
Controt 


2 momeceal 





Rate Generator : : 


Register 


NOTE: The Serial.Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register when 


written and receive data register when read. 


Figure 13. SCI Block Diagram 
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M — SCI Character Word Length . - 
1=one start bit, nine data bits, one stop bit 
0=one start. bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 
Wake bit selects the receiver wake-up method. 
1=Address bit (most significant bit) 
= Idle line condition 
Bits 0-2, and 5 — Not used’ 
Can read either one or zero 


The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 












Detection of an idle line allows the next data 
byte received to.cause the receive data reg- 
ister to fill and produce an RDRF flag. 







‘Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 








Detection of a received one in the ninth data 
bit allows an RDRF.flag and associated error 
Meus; : 


Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 


[oe [os Tne Tae To Ta 


ae ¥ 
O: eg 0 0. 0 0 ~<0 


TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled 
0=TDRE interrupt disabled 
TCIE — Transmit Complete Interrupt Enable 
_ 1=SCl interrupt enabled 
0=TC interrupt disabled... 
RIE — Receive Interrupt Enable 
1=SCl interrupt enabled 
0=RDRF and OR interrupts disabled 
ILIE — Idle Line Interrut Enable 
x =SCl interrupt enabled © 
=Idle interrupt disabled: 
TE— at Enable | 


1=Transmit shift register output is applied to the TDO- 


_line. Depending upon the SCCR1 M bit, a pream- 
‘ble of 10 (M=0) or 11 (M=1) consécutive ones is 
transmitted. : 
0=Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 


transmitted, TDO line becomes a high-impedance - 


line. 
RE — Receive Enable 
. 1=Receiver shift east) input is applied't to > the RDI 
line. 


O= Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
RWU — Receiver Wake-Up 

1=Places receiver in sleep mode and enables wake- 
up function 

0=Wake-up function disabled after receiving ‘data 
word with MSB set (if WAKE = 1) 
Wake-up function also disabled after receiving 10 
(M.=0) or 11 (M=1) consecutive ones Wake=0) 

SBK:— Send Break 

1=Transmitter continually safids blocks of. zeros (sets 
of 10 or 11) until cleared. Upon. completion of 
break code, transmitter sends one high bit for rec- 

- ognition of valid start bit. 

0=Transmitter sends 10 (M=0) or 11 (M= 1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty, and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift régister, and the 
second is queued into. the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are alsors ‘con- 
tained in the SCSR. 


7 6 Git Be ee F.* O8 1 © -o 
[rore | tc | ror | ioe | on | ne | fe | — | 
RESET: . 

1 1 0 0 0 0 0 a 


TDRE — Transmit Data Register (TDR) Empty 
1=TDR contents transferred to the transmit data shift 
register 
0=TDRstill contains data. TDREis cleared by. reading 
the SCSR (with TDRE = " followed by a write to 
the TDR. 
TC — Transmit Complete 
_ 1=Indicates end of data frame, Preamp: or break 
condition has occurred 
0=TC bit cleared by. reading the SCSR (with TC= 1), 
. followed. by a write to the TDR : 
RDRF — Receive Data Register (RDR): Full - 
1=Receive data shift register contents transferred to 
the RDR 
0=Receive data shift register transfer did not occur. 
RDRE is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 
IDLE — Idle Line Detect 
ote receiver has detected: an idle line 
=IDLE is cleared by reading the SCSR (with IDLE = 1), 
followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 
OR — Overrun Error 
1=Indicates receive data shift false: data is sent to 
a full RDR (RDRF=1). Data causing the, overrun 
.,, .iSJost, and RDR data is. not disturbed. 
0=OR is cleared by reading the SCSR (with oR= 1), 
‘followed by a read of the RDR:. 
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NF — Noise Flag: ve 
1=Indicates noise is present on the receive bits, in- 
cluding the start and stop bis: NF is not set until 
RDRF = 1. 
O=NF is cleared by reading ‘ee SCSR fwith NF = 1), 
followed by a read: of the RDR. 
FE — Framing Error 
- 1=Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and: overrun 
errors, processor will only recognize the overrun 
‘error. Further data transfer into the nee is inhib- 
ited until FE is cleared. 
0O=NF is cleared by reading the SCSR (with FE=1), 
followed ‘by a reed of the RDR. 
Bit 0 — Not used 
Can read either 0 one or zero 


Baud Rate Register $0D_ 


The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for. a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 


Tae [= Ta 


RESET: 


U U UL 


SCPO — SCI Prescaler Bit 0° 

SCP1 — SCI Prescaler Bit 1. 
Two’prescaler bits are used ‘to increase the range of 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels-are listed in Table 2. 


SCRO — SCI Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 
Three baud _rate bits are used to select the baud rates 
of.the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed i in Table 3. 


Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCP0-SCP1 and SCRO- 


‘SCR2 bits in the baud rate register. All divided frequen- 


cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In. this: case, the prescaler bits (SCP0; 
SCP1) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for'a divide-by-eight. 


¥ Table 3. Prescaler Highest Baud Rate Frequency Output 











4.194304. 








131.072 kHz 
43.691 kHz. 
32.768 kHz. 
_ 10.082 kHz 





Crystal Frequency MHz 
40 2.4576 2.0 1.8432. 
125.000 kHz 76.80 kHz ~ 62.50 kHz 57.60 kHz 
41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
31.250 kHz 19.20 kHz 15.625 kHz. 14.40. kHz 
9600 Hz 5.907 kHz 4800 Hz 4430 Hz 








*Refers to the internal processor clock. 


NOTE: The ‘divided frequencies. shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by:a specific crystal frequency and ‘only using the prescaler division. Lower baud rates may be obtained by proviging 
a further division: using the SCI rate select bits as shown below for some representative prescaler Culpute: 


Table 4. Transmit Baud Rate Output for a Given Prescaler Output 


























NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 


‘output frequency. The five examples are only representative 

































Divided ; : Representative Highest Prescaler Baud Rate Output 

131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 

65.536 kHz 16.384 kHz 38.40 kHz > 9600 Hz 4800 Hz 

32.768 kHz 8.192 kHz 19:20 kHz 4800 Hz 2400 Hz 

16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 

8.192 kHz’ 2.048 kHz 4800 Hz 1200 Hz 600 Hz 

4.096 kHz 1.024 kHz ~ 2400 Hz 600 Hz 300 Hz 

2.048 kHz 512 Hz. 1200.Hz ».. 300 Hz .150 Hz 

256 Hz 600 Hz 150 Hz 75Hz | 








samples. In all cases, the. baud rates shown:are transmit baud 


rates (transmit clock), and the receive clock is'16 times higher in frequency than the actual baud rate. 
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SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate:signal. 
An SPI system may consist of one master MCU.and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 


Features: 

@ Full-duplex, three- -wire synchronous transfers 
Master or slave operation 
1.05 MHz (maximum) master bit frequency 
2.1 MHz (maximum) slave bit frequency 
Four programmable master bit rates 
Programmable clock polarity and phase 
End-of-transmission interrupt flag 
Write collision flag protection 
Master-master mode fault protection capability 


SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and Ss) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 


Master Out, Slave In 

The master out, slave in (MOSI) line is configured a as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 


Master In, Slave Out 
The master in, slave out (MISO) line is configured as 


an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 


data in one direction with the most significant bit sent 
first. The MISO line of.a slave device is placed in a high- 
impedance state if slave is not selected (SS =1). 








M6805 HCMOS 
Master 





M6805 HCMOS Slave 3 


M6805, HCMOS Slave 2 


_ Serial Clock 


The serial clock (SCK) i is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 


_ master and slave devices can exchange a byte of infor- 


mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 


- an’input on a slave device. 


As shown in Figure 15, four possible timing relation- 
ships maybe chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 


Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA=0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA=1, 
SS must go high between successive characters in an-. 
SPI message..When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA=1 clock modes are used. 


FUNCTIONAL DESCRIPTION 
A block diagram of the SPI is shown in Figure 16. Ina 


‘master configuration, the CPU sends a signal to the mas-. 


ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is. parallel loaded into the 8-bit shift register from the 


internal bus during a write cycle and then serially shifted 


M6805 HCMOS Slave 0 





M6805 HCMOS Slave 1 


’ Figure 14. Master-Slave System Configuration 
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Figure 16. SPI Block Diagram 


via the MOSI pin to the slave devices. During a read cycle, 


data is applied serially from:a slave device via the MISO ~ 


pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 


In a slave configuration, the ‘slave start ‘logic receives 


a logic low at the SS pin and a clock input at. the.SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 


loaded into the 8-bit shift register from the internal data ~ 
bus, awaiting the clocks from the master.to. shift out se-, .' 


rially to the MISO pin and then to the master device.: 


Figure 17 illustrates the MOSI, MISO, SCK, and ss A 


master-slave interconnections. 


REGISTERS a —_— 
There are three registers in the SPI that provide control, 


status, and data storage functions. These registers,. the: 


serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data 1/O reg- 
ister (SPDR), are described in the following paragraphs. 


Serial Peripheral Control Register $0A 


The SPCR provides control of individual SP! functions 
suchas interrupt and system enabling/disabling, master/ 


slave mode select, and clock ee select. 


Cave [ve [Tus [oe [oma om [or 


. RESET: 


0 _ 0 U U U U 


SPIE — Serial Peripheral Interrupt Enable 
_1=SPI interrupt enabled 
0=SPI interrupt disabled 
SPE.— Serial Peripheral.System Enable 
1= SPI system on 
' 0=SPI system off 
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Figure 17. SPI Master-Slave Interconnections 


MSTR — Master Mode Select 
1=Master mode 
0=Slave mode 
CPOL — Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the, clock phase (CPHA) bit. 
1=SCK line idles high 
. 0=SCK line idles i in. low state 
CPHA — Clock Phase 
Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. . CPOL selects one of two clocking protocols. — 
1=SS is an output enable control. 
0=Shift clock is the OR of SCK with SS. 
"When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four dleck 
rates to be used as SCK in .the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 - Not used 
Can read'‘either one or zero 


SPI Clock Rate Selection 


Internal Processor ; 
Clock Divided By 








-Serial Peripheral Status Register $0B 
The SPSR contains three status bits. . 
. oe to 0 








7 6 5 | 4 32 | 
| ser [woo — [moor] - | — | - | - 
RESET: 

0 0 - 0. 


SPIF — Serial Peripheral Data Transfer Flag 
1=Indicates data transfer completed between pro- 
cessor and external device. 
(If SPIF=1 and SPIE=1,.SPI interrupt is ena- 
bled.) Se 


0=Clearing is accomplished by reading SPSR (with 
SPIF=1) followed by SPDR access. 
WCOL — Write Collision 
1=Indicates an attempt is made to write to SPDR 
while data transfer is in process. 
= Clearing is accomplished by reading SPSR (with 
WCOL=1), followed by SPDR access. 
MODF — Mode Fault Flag’ 
1=Indicates multi-master‘system sontiel conflict. 
0=Clearing is accomplished by reading SPSR (with 
MODF = 1), followed by a write to the SEC 
Bits 0-3, and5—Notused | 
Can read either zero or one 


Serial Peripheral Data /O Regiater: $0C 


The SPDR is a read/write register used to receive and 
transmit SPI data. 


ical iea vod eal so oe 


RESET: 
UU U U 06.7 ee vu 
A write to the SPDR places data directly into the shift 


‘register for transmission. Only a-write to this register.will 


initiate transmission/reception of another byte .and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. . .. 

A read to the SPDR causes the buffer to be: read: The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 


INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following, paragraphs briefly explain each type. . 

This MCU uses all. the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
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(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the. accumulator. A detailed definition of 
the MUL instruction is shown below. 


X:A X*A = 


Description | Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


H: Cleared 
|: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 

























Condition 
Codes 








Addressing 
Mode 
Inherent 






Opcode 
$42 








REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 








| Funetion | Mnemonic 
LDA 
Store A in Memory STA 
STX 
Add Memory to A ADD 
Add Memory and Carry to A ADC 
Subtract Memory from A with Borrow SBC 
AND Memory to A AND 
OR Memory with A ORA — 
EOR 
_cMP 
CPX 
BIT 
JMP 
JSR 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 





Mnemonic 


Increment . 





Decrement 








Complement 





Negate (Twos Complement) 


Rotate Left Thru Carry 








Rotate Right Thru Carry 
Logical Shift Left 
Logical Shift Right 
Arithmetic Shift Right ASR 


a 


ibe MUL = 








Test for Negative or Zero 














Multiply 





BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 





















= 


Mnemonic 
Branch Always BR 


‘ A 
Branch Never : ai BRN =a 


Branch if Higher | oe BHI a 
Branch if Lower or Same is BLS 


Branch if Carry Clear : BCC 
Branch if Higher or Same : BHS 
Branch if Carry Set Nv BCS 





' Function 















































Branch if Lower ig BLO = 
Branch if Not Equal | BNE | 
Branch if Equal BEQ 
Branch if Half Carry Clear ; 7 BHCC 7 
Branch if Half Carry Set | pucs | 
Branch if Plus [ BPL 
Branch if Minus me BMI 
Branch if. Interrupt Mask Bit is Clear ab BMC 





Branch if Interrupt Mask Bit is Set 








Branch if Interrupt Line is Low | 





Branch if Interrupt Line is High 








Branch to Subroutine 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit ‘which resides in:the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
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of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry: bit 
of the condition code register. Refer to the following list 


for bit manipulation instructions. 

BRSET n (n=0... 7) 
BRCLR n (n=0...7) 
BSET n (n=0...7) 
BCLR n (n=0...7) 


Branch if Bit n-is Set 


Branch if Bit n is Clear 
Set Bit n 
Clear Bit n 





CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 








Function | Mnemonic | 
Transfer A to X TAX 
Transfer X toA TXA 
| Set Carry Bit SEC 
Clear Carry Bit CLC 
Set Interrupt Mask Bit SEI 
Clear Interrupt Mask Bit CLI 
Software Interrupt SWI 
Return from Subroutine RTS |. 
Return from Interrupt RTI 
Reset Stack Pointer RSP 
No-Operation NOP 
Stop STOP 
Wait WAIT 








OPCODE MAP SUMMARY 


Table 5 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 


ory space. Short indexed accesses are single byte 


instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 


applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


in the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from ~126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
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Table 5. Opcode Map 
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Bit Branch Reed/Modity/Write ani Control: 
STE ; [DIR | INH IN 
t 
tow | om | oom | asio_| oy | s000 | sa 
oe | BRSETO | BSETO NEG RT 
Q000 BTB | : g : A (Xx 1 iNH 
5 5 3 6 
BRCLRO BCLRO RTS... 
000 3 8TB 8 R tt INH 
5 ° 3 7 
A iaalt BSET1 cae 2) 
1 BT8 3 
5 cmt st. 70 | 
aged BRCLR1 BCLRI BLS COM Swi 
00 BT8 B < R: \ 4x fd INH. 
BRSET2 |. BSET2 BCC LSR 
0100 BTB | | 3 ¢ REL 2 ix | 
ra BRCLR2 | BCLR2 |. BCS ; 
010 -_ BTs B Ri 
ra BRSETS BSET3” BNE . ROR a es 
9110 BTg : B 1 REL 12 x i 
: 5 : 3 + + 
BRCLR: BCLR3- BEQ ASR TAX 
Qi. BTB i 2. 9 R : : of te 
re BRSET4 | BSET4. | BHCC. 7h sta | A eee ee ee ton 
900 BTS BS ¢ “> RE| : iH NH | 2 rene IK “INH es iM 
; oe : 3: are 3 3 6 §. 271.2 2 
| 3 | BRCLAS |. BCLR4 |: BHCS : ROL | SEC 
3 BTB 8 R ix | 1 INH | 2 
| AL | BRSETS BSETS. BPL : : : : DEC Z cul : 
010 BTp B ial Ix 1 
Ee ““BRCLRS BM! SEI 
3. - ETE Ae, _ at hh iNet 2 
BRSET6 BMC INC INC RSP 
1190 STB REL i 1 
3 4 
ea BRCLRE BMS TST NOP 
0 BTB Ry IX 1 
5 3 ar 2 i 
BRSET7 BIL STOP 
0 BTB 1 INH 
: 3 cml 
BRCLR7 BIH CLR WAIT TXA 
3 8TB 2 Ret | 2 mx] INH | 1 
































INH Inherent 

A Accumulator 

X=. Index Register 

IMM Immediate =. 

DIR Direct - 

EXT Extended 

REL Relative 

BSC Bit: Set/ Clear 

BTB Bit Test and Branch 

ix Indexed (No Offset) 

IX1 Indexed, 1 Byte (8-Bit) Offset 
1X2 Indexed, 2 Byte (16-Bit) Offset 


Mnemonic 
Bytes 


Cycles 








Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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the beginning of the table in the instruction. As such, 
tables may begin. anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that. this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single: byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, ali the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 





















This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 








to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Voyt be 
constrained to the range Vss < (Vin or Vout) < 





Vop. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 











voltage level (e.g., either Vsg or Vpp). 








L Rating Symbol Value 
Supply Voltage Vpp —0.3 to +7.0 
Input Voltage Vin Vsg —0.3 to 

Vpp +0.3 
Self-Check Mode (IRQ Pin Only) Vin Vsg-—0.3 to 
2xVpp+0.3 
—_—__—+ 
Current Drain Per Pin Excluding I 25 
Vpp and Vss 
Operating Temperature Range Ta TL to Ty 
MC68HCO5C4P, FN (Standard) 0to +70 
MC68HCOSC4CP, CFN (Extended) —40 to +85 

L. MC68HCO5C4MP, MEN (Automotive) —40 to +125 

Storage Temperature Range Tstg —65 to +150 








THERMAL CHARACTERISTICS 


Characteristic 














Thermal Resistance 
Plastic 
Plastic Leaded Chip Carrier (PLCC) 
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POWER CONSIDERATIONS 


The average chip-junction sSCHPEraSHNe) Ty, in °C can 
be obtained from: 


For most applications P}Q<Piy7 and can be négletted. 
The following is an approximate relationship between 


Ty=Tat(Pp* 8ya) (1) Pp and Ty (if Po is neglected): 

where: ; =K+(Ty+273°C) (2) 

Ta = Ambient Temperature, °C Solving zeus (1) and (2) for K gives: 
BJA = Package Thermal Resistance, K=Pp * (Ta + 273°C) + byarPD2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp = Pintt+Prvo can be determined from equation (3) by measuring Pp 
Pint. =!ccxVec, Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K, 
PO = Power Dissipation on Input and Output the values of Pp and Ty can be obtained by solving equa- 


Pins — User Determined tions (1) and (2) iteratively for any value of T,. 
























Vpp =4.5 V 
PAO-PA7, 3.26 kQ | 2.38 kQ 
PBO-PB7, VoD 
PCO-PC7, 
PD1-PD4 R2 
PDO,PD5, PD7} 1.9k9 | 2.26kQ2 Hee: Tabi 
Test 
Point 
Rl 
Pee (See Table} 
Table) 


PAQ-PA7, 10.91 kM 


PBO-PB7, 
PCO-PC7, 
PD1-PD4 











PDO, PD5, PD7 


Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp = 5.0 Vdc + 10%, Vgg =0 Vdc, Ta=T_ to Ty, unless otherwise noted) 





r 
Characteristic 


| Output Voltage, ILoaq=10.0 pA 














Output High Voltage 
(ILgad = 0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) 
(ILoad = 1.6 mA) PD1-PD4 (see Figure 20) 





Output Low Voltage (see Figure 21) 
(ILoad= 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 


Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Input Low Voltage - 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


L Data Retention Mode (0° to 70°C) 














Supply Current (see Notes) 
Run (see Figures 22 and 23) 
Wait (see Figures 22 and 23) 
Stop (see Figure 23) 
25°C 
0° to 70°C (Standard) 
~40° to +85°C 
—40° to + 125°C 
| VO Ports Hi-Z Leakage Current 
L PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 


Input Current. 
L RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


























Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PDO-PD5, PD7 











NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. : 
3. Wait Ipp: Only timer system active (SPE =TE=RE =0). If SPI, SCI active (SPE = TE =RE =1) add 10% current draw. 
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fos¢ = 4.2 Mey all IApUts 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL =20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vj, =0.2 V, Vi7=Vpp — 0.2 ve 

. Stop Ilpp measured with OSC1=Vss. 

7. Standard temperature range is 0° to 70°C. Extended temperature (— 40° to +85°C,. — 40° to + 125°C) versions and a- 25°C Saly 
version are available. 

8. Wait Ipp is affected linearly:.by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp =3.3 Vde+ 10%, Vgg =0 Vdc, Ta=TL to Ty, unless otherwise noted) 


Charecwratic SS ~~id;(S mbt | Min | Typ [Max | Une | 


Output Voltage, ILoad=10.0 pA VOL _ ses, oh OT yp oN, 
: VOH Vpp -0.1 _ _ 














Output High Voltage V 
(ILoad = 0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) | _ _ 
(Load = 1-6 mA) PD1-PD4 (see Figure 20) _ = 
Output Low Voltage (see Figure 21) VOL — _— ‘ 0.3. Vow 
~ (ILoad = 0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP bee th ; 
Input High Voltage ; VIH 0.7 Vpp _ Vpp- 2 eM 
PAO-PA7, PBO-PB7, PCO-PC7, PDO- PD5, PD7, TCAP, IRQ, : 
RESET, OSC1 
Input Low Voltage VIL Vss _ 0.2xVpp Moo 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, : . : 
RESET, OSC1 


Data Retention Mode (0° to 70°C) 


Supply Current (see Notes) 
Run (see Figures 22 and 24) : 
Wait (see Figures 22 and 24) 
Stop (see Figure 24) ae ae 

25°C — 1.0 30 pA 














0°. to 70°C (Standard) _ = 80 . pA 
40° to + 85°C : _ _ 120 pA 
—40° to + 125°C _ el. 175, pA 
VO Ports Hi-Z Leakage Current Ne _— i _ +10 _ pA | 
PAO-PA7, PBO- ‘PB7, PCO- PC7, PD1-PD4 ; _ 


‘Input C urrent ‘ lin =. — #4 pA | 


RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


























Capacitance . = pF | 
Ports (as Input or Output) : Cout _ _ 12 
RESET, IRQ, TCAP, PDO-PD5, PD7 : , Cin _— o_o. f 8 | e. 

NOTES: 


1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Ipp: Only timer system active (SPE = TE=RE=0). If SPI, SCI active (SPE = TES RE=1) add 10% current vorew ; 

4..Run (Operating) Ipp, Wait |pp: Measured using external square wave clock source (fogc¢= 4.2 Mee, all inputs 0.2V from rail; 
no dc loads, less than 50 pF on all outputs, C, = 20 pF on OSC2. ; 

. Wait, Stop Ipp: All ports configured as inputs, Vi, =0.2 V, Vin=Vpp — 0.2 V.. 

. Stop Ipp measured with OSC1=Vss. 

. Standard temperature range is 0° to 70°C. Extended temperature (—40° to +85°C, — 40° to.+ 125°C) versions and a 25°C only 
version are available. lets 

8. Wait Ipp is affected linearly by the OSC2 capacitance. 
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lion (mA) 





Vpp-VoH (Volts) 


Figure 19. Typical Voy vs Igy for Ports A, B, C, and TCMP 





IloH| (mA) 





0 0.2 0.4 0.6 





Vop-VoH (Volts) 


VOL (Volts) 


Figure 20. Typical Von vs IOH for PD1-PD4 Figure 21. Typical VoL vs IoL for All Ports 
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Ipp (mA) 
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(3.5 mA) 
3.5 


(2.9 mA) 
RUN 
(OPERATING) 
MODE 






3.0 





2.5 


Pi 










ian 
: A ; 
TAL 
van 


an 


0 0.5 1.0 1.5 2.0 0 
Internal Frequency 1/tcycle (MHz) 





0.5 1.0 1.5 


2.0 
internal Frequency 1/tcycle (MHz) 


Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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Ipp (mA) 





* Internal Frequency (MHz) 


Figure 23. Maximum {pp vs Frequency for Vpp=5.0 Vdc’ 


(2.5 mA) 


Ipp {mA) 


Stop Ipp 


(80 pA, 0°- 70°C) 





0 0.2 04 06 08 1.0 
Internal Frequency (MHz) as 


- Figure 24. Maximum Ipp vs Frequency for Vpp =3.3 Vde 
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CONTROL TIMING 
(Vpp =5.0 Vde + 10%, Vsg =0 Vde, Ta = Ti to Ty) 


Characteristic [-Srmnet [an [we Tat 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fos¢ + 2) 
External Clock (fgs¢ = 2) 


’ | Cycle Time (see Figure 28) a : teyc 480 = | ons | 
Crystal Oscillator Startup Time (see Figure 28) toxOov — 100 ms 
Stop Recovery Startup Time (Crystal Oscillator) (see io 25) tiILCH — 100 ms 














RESET Pulse Width (see Figure 28)” a. tRL 1.5 — teye 
Timer 
Resolution** tRESL 4.0 ie teyc 
Input Capture Pulse Width (see Figure 26) : tTH. tTL 125 _ ns 
Input Capture Pulse Period (see Figure 26) i ‘TLTL HK — teye 





Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 











Interrupt Pulse Period (see Figure 8) 
OSC1 Pulse Width toH. toL 90 — ns 








3 





*The minimum period tjL|, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 teye- 
**Since a 2-bit prescaler in the timer must count four internal cycles (teye), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should. not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. 





LOTTI TTL. 








Internal 
Clock 





Internal 
Address 
Bus 


RX KKXEXEREKEEX HE Kt KX He KEK) 


NOTES: Vector Fetch 
1. Represents the internal gating of the OSC1 pin. 
2. TRO pin edge-sensitive mask option. 
3. IRQ pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 





Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Vpp =3.3 Vdc + 10%, Vgg=0 Vdc, TA=Ty to 
Characteristic 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fose = 2) 
External Clock (fgsg¢~ 2) 


Cycle Time (see Figure 28) 
Crystal Oscillator Startup Time (see Figure 28) 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 


Interrupt Pulse Period (see Figure 8) 
OSC1 Pulse Width 





MC68HC05C4 


TH) 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tiLIH 


Symbol | Min | Max | Unit _| 


fosc MHz 
_— 2.0 
de 2.0 
” ste 


teyo | 1000 | — | ins | 
a eae ee ee 
24 





Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) “ice |} 100 | 


RESET Pulse Width — Excluding Power-Up (see Figure 28) 


teyc 
ns 
teye 


tLIL =a 
toH tot ar ee 








*The minimum period tL}, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 


21 toyc- 


**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 


timer resolution. 


***The minimum period trLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 


routine plus 24 toyc. 


errr | 
External 


Signal 
({TCAP 
Pin 37) 


naw fe af 





Figure 26. Timer Relationships - 


3 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp = 5.0 Vde + 10%, Vgg=0 Vdc, Ta=T_ to Ty) (see Figure 27) , 















































































== —— 
| Num. | Characteristic - — Symbol .: ae Min Max | Unit 
Operating Frequency . mS a 
Master fop(m) de 0.5 fop 
Slave : fop(s dc 2.1 MHz 
: p(s) + —| 
1 Cycle Time 
‘| Master teyc(m) 2.0 —" teyc 
Slave ea teye(s) {| 480 i: =>. [ns 
2 Enable Lead Time 
Master tlead(m) - * _ ns 
Slave tlead(s) 240 —_ ns 
3 {Enable Lag Time 
Master % tlag(m) * < ‘ns 
: Slave I, tlag(s) 240 I _ ns 
4 | Clock (SCK) High Time 
Master _— tw(SCKH)m - 340 _ ns 
Slave : | tw(SCKH)s_| 190 said _ ns 
5 | Clock (SCK) Low Time 
Master tw(SCKL)m 340 =, ..2 ns 
Slave wiSCKUs | 190 _— Ee ns | 
6 | Data Setup Time (Inputs) , 
Master tsu(m) 100 =, ns . 
S| t. 100 _— ns 
ave =2-\| su(s) te Sa! 
‘7 Data Hold Time (Inputs) 
Master thim} 100 _— ns 
Slave |_th{s) | 100 _ i. ns 
8 {Access Time (Time to Data Active from High-Ilmpedance State) 
Slave t 0 120 ns 
: a +— | 
9 | Disable Time (Hold Time to High-Ilmpedance State) 
Slave tdis | ees 240 ns 
10 | Data Valid | 
Master (Before Capture Edge) tv(m) 0.25 = teyc(m) 
Slave (After Enable Edge)** ty(s) = 240 he ns 
11 | Data Hold Time (Outputs) | 
Master (After Capture Edge) ; tho(m) 0.25 — teye(m) 
Slave (After Enable Edge) _ | _tho(s) ees ie _ ns 
[-— sebaleai ite — 
12 | Rise Time (20% Vpp to 70% Vpp, CL =200 pF) 
SPI Outputs (SCK, MOSI, and MISO) | trm — 100 ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 7 trs | Ce ee 2.0 | us 
Fall Time (70% Vpp to 20% Vpp, Ci =200 pF) 
SPI Outputs (SCK, MOSI, and MISQ) _ ttm — 100 ns 
SPI Inputs (SCK, MOSI, MISO, and SS) _| tfs | — 2.0 ps 





*Signal production depends on software. 
** Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp = 3.3 Vde+ 10%, Vgg =0 Vdc, Ta=TL to TH) (see Figure 27) 


Num. Characteristic 


Operating Frequency 
Master 
Slave 





1 Cycle Time 
Master 
Slave 


2 Enable Lead Time 


Master 
Slave 





3 Enable Lag Time 























8 Access Time (Time to Data Active from High-Impedance State) 
Slave 


Master tlag(m) 
come _[_ Slave tag(s) _| 
4 |Clock (SCK) High Time , 
Master tw(SCKH)m 
Slave tw(SCKH)s 
5 Clock (SCK) Low Time 
Master tw(SCKL)m 
Slave twi(SCKL)s 
6 | Data Setup Time (Inputs) 
Master tsu(m) 
Slave tsu(s) 
7 Data Hold Time (Inputs) 
Master th(m) 
Slave th(s) 





9 Disable Time (Hold Time to High-Impedance State) 
Slave 





10 | Data Valid 
Master (Before Capture Edge) 


eae 


Slave (After Enable Edge)** 





720 
400 


720 


‘400 


200 
200 


200 
200 








11 


Data Hold Time (Outputs) 


Master (After Capture Edge) 
Slave (After Enable Edge} 


12 [Rise Time (20% Vpp to 70% Vpp, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO). 
SPI Inputs (SCK, MOSI, MISO, and SS) 











13 | Fall Time (70% Vpp to 20% Vpp, CL =200 pF) 
SPI Outputs (SCK, MOSI, and MISO) __ 
SP! Inputs (SCK, MOSI, MISO, and SS) 














*Signal production depends on software. 
** Assumes 200 pF load on all SPI pins. 
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SS is Held High on Master 


ay 
(INPUT) 









SCK (CPOL«0) see \ 
(OUTPUT) NOTE ¥ 








SCK (CPOL#1) 
(OUTPUT) 


SEE 
NOTE 


MISO 
(INPUT) 


MOSI 
(OUTPUT) 





NOTE: This first clock edge is generated internally but is not seen at the SCK pin. 


a) SP! MASTER TIMING (CPHA=0) 


SS is Held High on Master 


(INPUT) 








SCK (CPOL=0) 
(OUTPUT) 


SCK (CPOL«1) 
(OUTPUT) 


MISO 
(INPUT) 


MOS! 
(OUTPUT) 


NOTE: This last clock edge is generated internally but is not seen at the SCK pin. 


b) SPi MASTER TIMING (CPHA = 1) 


Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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ss 
(INPUT) 
SCK (CPOL=0) ae 
(INPUT) 
© @) 
(5) 
SCK (CPOL=1) 
ie! ® «ho 


OUTPUT) BIT6----4 — SLAVE LSB OUT 
(10) 

MOSI 

(INPUT) ~~ Ese 


NOTE: Not defined but normally MSB of character just received. 









c) SPI SLAVE TIMING (CPHA = 0) 





(INPUT) 





SCK (CPOL=0) 
(INPUT) 


rane) 


-O- 


SCK (CPOL=1) 
PUT 


eee 


a fiscal ane. 
MISO F SLAVE MSB OUT { aire. SLAVE LSB OUT 
(OUTPUT) NOTE 
oto © 
MOSI IN 
er {sen cao* 


NOTE: Not defined but normally LSB of character previously transmitted. 


S 


d) SPI SLAVE TIMING (CPHA = 1) 


Figure 27. SP! Timing Diagrams (Sheet 2 of 2) 
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Htoxov , 4064 toy | 
| | | L we > 
[GD C2, GD,@0,@®,? C2.G) C). > > 






* Internal timing signal and bus information not available externally. 
**OSC1 line is not meant to represent frequency. It is only used to. represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 


Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs . 


A 2764, 68764, or 68766 type EPROM, programmed 


with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $10FF with 
vectors from $1FF4 to $1FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 


xxx = Customer ID 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C4 device. 


MC Order Number 













Temperature 











Package Type 
Plastic 
(P Suffix)  - 


aes 40°C to +125°C 


0°C to +70°C MC68HCO5C4P 
~ 40°C to +85°C | MC68HCOS5C4CP 
—40° to + 105°C MC68HCO5C4VP 
MC68HCO5C4MP 













PLCC 
(FN Suffix) 


0°C to +70°C 
—40°C to + 85°C 
— 40°C to + 105°C 





|- 40°C to + 125°C | MC68HCOSC4MFN 





MC68HCO5C4FN 
MC68HCO5C4CFN 
MC68HCOSC4VFN 








IBM isa registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS ie 


40-PIN DUAL-IN-LINE PACKAGE 


— 


VDD 

Oscl 
OSsc2 
TCAP 
PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOS! 
PD2/MISO 
PD1/TDO 
PDO/RDI 


2 
3 
4 
5 
6 
7 
8 
9 


PCO 
PC1’ 
PC2 
PC3 | 









PAS7 391 PD7 
PA4Q ). TCMP 
“PA3Q 1) P05/SS 
PA2(] 1} PD4/SCK 
PAIQ P] PD3/MOS} 
PAO (12 : 341) PD2/MISO 
Peo aye M PD1/TDO 


LJ PMO/RDI 


PB2U LJ PCO 

PB3U LJ PCI, 

PB4 [)17 . 29) PC2 
CTL LU Ly lg LJ LJ LJ Lg Ld 0 
onmnonrn NOR ONS MY 
2822 92 RRP S8 


NOTE: Bulk substrate tied to Vss. 


Ra aera Ce NB ea 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC68HCO05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable.as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

@ On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
Memory-Mapped I/O 
176 Bytes of On-Chip RAM 
7740 Bytes of User ROM 
24 Bidirectional /O. Lines and 7 Input-Only Lines 
Serial Communications Interface (SCI) System 
Serial Peripheral Interface (SPI) ee 
Self-Check Mode 
Power-Saving STOP, WAIT, and Data Retention Modes 
Single 3.0- to 5.5-Volt Supply (2- Volt Data Retention Mode) 
Fully Static Operation ; ; 
8x8 Unsigned Multiply Instruction 





BLOCK DIAGRAM 


TCMP OSC1 OSc2 


Internal 
Internal 


Processor . 
TCAP Timer Clock oa Processor 
System 2 Clock 






Da 
™m 
n 
mm 
a 


| 


D 
oO 









PAO PCO . 
PAI PCI 
Port <—LO2 cPU PC2 
PA3 Port | Data Data Pon P Port 
A : Control C3 c 
/0 PA4 A Dir Dir “PCA fe 
Lines — Reg | Reg — Reg Reg PC5 Li 
PAG Condition PC6 ines 
PA7 Code PC7 
Register 
PBO hi PR? 
PBI Pointer 
Sci RD! (PDO) 
Port PB2 Program TBO (PD1) 
B PB3 Port | Data Counter MISO {PD2} 
Me) PB4 B Dir High MOS! (PD3} 
Lines PBS Reg | Reg Program SPI SCK (PD4) 
— Counter ¢_SS(PD5) 
ached Baud Rate 
Generator 


7740 x8 176 x 8 Internal 
ROM rales Processor 
240 x 8 Clock 
Self-Check 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


RO 


This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 





pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 


RC Oscillator j 

With this option, a resistor is connected to the oscillator 
pins as shown. in Figure 1(d). The relationship between 
R and fog is shown in Figure 2. 


Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 
A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 


Ceramic Resonator 





(a) Crystal/Ceramic Resonator Parameters 





coscis= an oe 


(b) Crystal/Ceramic Resonator ~ 
Oscillator Connections 





(d) RC Oscillator Connections 


L C1 Rg 
OSC2 OSC1 
38 39 
Co 
38 ‘1 39 


(c) Equivalent Crystal Circuit 





Unconnected 


External Clock 


(e) External Clock Source Connections 
(For Crystal Mask Option Only) 


Figure 1. Oscillator Connections 
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— 
= 
L_— 
|] 
| 
0) 
a 


Oscillator Frequency (MHz) 


AL 








aul 

a on oe 
1h oe ee 8 
100 =. 200 





500 1000 


Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


recommended when using a ceramic resonator. Figure 
i(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


External Clock 


An externa! clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 


INPUT CAPTURE (TCAP) 


This pin controls the input capture feature for the on- 
chip programmable timer. a 


OUTPUT COMPARE (TCMP) 


This pin provides an output for the output compare 
feature of the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. 





INPUT/OUTPUT PORTS (PA0-PA7, PBO-PB7, PCO-PC7} 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. ; 


FIXED INPUT PORT (PD0-PD5, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCi) affect this 
port. Refer to PROGRAMMING for additional information. 


PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. ° : 


INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port.circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. /O Pin Functions 
RIW* DDR V/O Pin Functions 
0 
a 
0 
1 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 








Data is written into the output data latch 
and output to the I/O pin. 
The state of the 1/0 pin is read 


The I/O pin is in an output mode. The 
output data latch is read 





~ *RW is an internal signal. 


FIXED INPUT PORT PROGRAMMING 


Port Dis a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 
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Data Direction 
Register 
Bit 





Latched 
Output Data | 
Bit 


Internal 
MCU 
Connections 


Figure 3. Typical Port /O Circuit 


NOTE 


Any unused inputs and V0 ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


SERIAL PORT (SCl AND SP!) PROGRAMMING 


The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PDO-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPi function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. _ 


MEMORY 
The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check. ROM, control 
registers, and I/O. The user-defined reset and interrupt 


vectors are located from $1FF4 to $1FFF. 
The shared stack area is used during processing of an 


interrupt or subroutine call to save the CPU state. The’ 


stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 


‘NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to. stacking. from an interrupt or 
subroutine call. 


REGISTERS 


The. MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator.is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 


7 0 
INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 


12 . 0 


STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 


the stack pointer is set to location $00FF. The stack pointer 


is then decremented as data is pushed:onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011..These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may. use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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$0000 


1/0 
32 Bytes 


_ 7 Bytes 


$001F 

* $0020 bos ' 
: . _ User 
ROM 


48 Bytes 
$004F _ 
$0050 ~ Serial Peripheral 

Interface 


3 Bytes 


RAM 
176 Bytes 


Serial 
Communications 
interface 
5.Bytes 


‘J 0191 
| 0192, 


$OOBF 
$00CO 


| 0265 
] 0256 


SOOFF 
$0100 | 


User 
ROM 
7680 Bytes 
: ae Unused 


$1EFF 
4 Bytes 


$1F00 


7935 
7936 


Self Check 


S1FDF 
$1FEO 


Self-Check 
Vectors 


Unused 
4 Bytes 


User 
Vectors 
12 Bytes 


256 Bytes 


8175 
8176 


SIFEF 
$1FFO 


8179 
8180 


S1FF3 
$1FF4 


$1FFF 8191 










































“$00 
$01. 


Port A Data Register 


[Pot Oat Reaier +d 











SgeSeRERE 


Serial Peripheral Control Register 


$0B: 
$0C 
$0D 
SOE 
SOF 
$10 
$11 
$12 
$13 
$14 
$15 
$16 
$17 
$18 
$19 
SIA 
$1B 
$1C 
$1D 
S1E 
S1F 


Serial Communications Control Register 2 


Serial Peripheral Status Register 
Serial Communications Status Register 


Unused 


Serial Communications Control Register 1 


Figure 4. Memory Map 


wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 


12 0 


| 
jo}ofofofolifif ose 


CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction: just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


CCR 


fe} ifn fz | 


Half Carry (H) 


‘This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit:is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (Z) 
When set, this bit indicates that the result of the last 


‘arithmetic, logical, or data manipulation was zero. 
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Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit.is also affected during 
bit test and. branch instructions and during shifts and 
rotates. 


~ SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PCO-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 

1/0 — Exercise of ports A, B, andC . 

RAM — Counter test for each RAM byte 

ROM — Exclusive OR with odd ones parity result 

Timer — Tracks counter register and. checks OCF flag 

Interrupts — Tests external, timer, SCi and SPI in- 
terrupts 


TCMP 
PDS/SS 


PD4/SCK 
PD3/MOS! 
PD2/MISO 

PD1/TDO 
PDO/RDI 


NOTE: The RC Oscillator Option may also be used in this circuit. 





SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 
Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 


TIMER TEST SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 


Because the timer is free running and has only a divide- 


by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon.return to the user’s pro- 
gram, X=40. If the test passed, A=0. 


Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 


Remarks 






Bad /O 

Bad RAM 

Bad Timer 

Bad SCI 

Bad ROM 

Bad SPI 

1 | Bad Interrupts or IRO Request 


Flashing Good Device 
All Others Bad Device, Bad Port C, etc. 


0 indicates LED is on; 1 indicates LED is off. 





ROM CHECKSUM SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
X=0. If the test passed, A=0. 


RESETS | 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. aa 








POWER-ON RESET (POR) 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (tey¢) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4046 teyc, the MCU will remain in the 
reset condition until RESET goes high. 


1 aL | Condition Code Register 
Index Register , 


Increasing Memory 
Addresses 


PCL 


Unstack 





EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (teyc). 


INTERRUPTS 


The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 

: Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWi is executed the 
same as any other instruction, regardless of the I-bit state. 

- Refer to Figure 7 for the reset and interrupt instruction 
‘processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


O  Stac 


Decreasing Memory 
Addresses 
PCH : 


AVvVCewWwIVImMmMAaz-— 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 


in the reverse order. 


Figure 6. Interrupt Stacking Order 
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Clear IRO 
Request 
Latch 







iRd 
External 
Interrupt 






Be ptes Stack od 
- PC, X,A,CC. © Ja: 









Timer 
Internal 
Interrupt 













Load PC from: 
SWI:$1FFC-$1FFD 
IRQ: $1FFA-$1FFB 

Timer: $1FF8-$1FF9 
SCI: $1FF6-$1FF7 

SPI: $1FF4-$1FF5 













SCcl 
Internal 
Interrupt 









Complete 














Interrupt 
Routine 
SPI and Execute 
Internal RTI 
Interrupt i 


fe Fetch 
Next 
instruction 


“Execute — 
Instruction 


Figure 7. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 


If the interrupt mask bit ( bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt_wi with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt'liné spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse-occurs, 
the next pulse should not occur until an RTI occurs. This 


‘Level Sensitive Trigger 





Mask Option 


Interrupt Pin - 


time (tLIL) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the:service 
routine (not including the RT! instruction). The second 
method shows many interrupt lines ‘‘wire-ORed”’ to form 
the interrupts at the processor. If the interrupt line re-” 
mains low: after servicing an StSrTUDE: ‘then the next in- 
terrupt is recognized: 


- NOTE 


The internal foteerdipt latch is cleared in the first part: 
of the interrupt service routine; therefore, one ex-: 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 


SOFTWARE INTERRUPT (SWI). 


The SWI is an executable instruction that is executed. 
regardless of the state of the |.bit in the CCR. If the | bit 
is: zero, SWI executes after the other interrupts. The SWI 





External 
Interrupt 
Request 


1Bit(CC) 





= Power-On Reset 
— €xternal Reset 
— External Interrupt. 
Being Serviced (Vector Fetch) 


(a) Interrupt Internal Function Diagram 


TRO ro —>| cmd | 


(MCU) ; : 


|. — tILIH ——| 7 hae 


Edge-Seneitive Trigger Condition 
The minimum pulse width (ty_)}) is either 
125 ns (Vpp =5 V) or 260 ns (Vpp=3 V). 
- The period ti, \¢ shoutd not be less: than 
_ the number of teyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
teye cycles. 


_ Level-Sensitive Trigger Condition 
if after servicing an interrupt the IRO re- 
mains tow, theri ie next interrupt is 
recognized. 


Normally 
Used with 
Wire-ORed 
Connection 


(b) Interrupt Mode Diagram 


Figure 8. External interrupt 
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operation is similar to the hardware interrupts. The in- 


terrupt.service routine address is specified by the con- 
tents of memory locations SHC and SIFED: 


sci INTERRUPTS 
An interrupt in the SCI occurs when o one of the interrupt 


flag bits in the serial communications status register is. 


set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt. service routine must de- 
termine the cause and priority of the SCI_.interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. . 


SPI INTERRUPTS 


An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the | bit in the CCR is clear and the enable bit 
in the serial. peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SP! operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, -halting all SCI activity. if the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when te STOP 
instruction is executed. 


SPi during Stop Mode 
When the MCU enters the STOP mode, the baud rate 


generator stops, terminating all master mode SPi oper- © 


ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 


mode by a low signal on the IRQ pin. If reset is used to 


exit the STOP mode, then the SPI control and status bits 
are Cleared, and the SPI is disabled. if the MCU is in the 


slave mode when the STOP instruction is executed,, the 
slave SPI continues to operate and can still accept data 
and clock information in ‘addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRO 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 


WAIT 


The WAIT. instruction places the MCU ina low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10).-An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 












Stop Oscillator 
And All Clocks 


Clear | Bit 









External 
Interrupt 
(IRQ) 


Turn On Oscillator 
Wait for Time 
Delay to Stabilize 








(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 

b. Set I Bit 

c. Vector to Interrupt 
Routine 


_ Figure 9. STOP Function Flowchart 
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may be enabled to allow a periodic exit from the WAIT 
mode. 


DATA RETENTION MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 





TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 


Oscillator Active 
Timer, SCI,-And SPI 
Clocks Active 
Processor Clocks Stopped 





















Restart , 
Processor Clock 


(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 
' b. Set t Bit 

c. Vector to interrupt” 
Routine 














External 
interrupt 


ia 
Timer 
Yes interrupt 
Yes 


several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

_ Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 


NOTE 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 












No 
I 


No 

No : 

SPI 
interrupt 


Figure 10. WAIT Function Flowchart 
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Output Edge 
Level Input 
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Figure 11. Timer Block Diagram 


COUNTER 


The key element in the programmable timer is a 16- 


bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 


The double-byte, free-running counter can be read from ~ 
either of two locations, $18-$19 (counter register) or 


$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a: buffer. 


This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear.the. timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 


- on. reset, the counter is also preset to $FFFC and begins 
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running after. the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 

by-four prescaler, the value jn the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An. interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


OUTPUT COMPARE REGISTER 


The 16-bit output compare register.is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 


accompany a successful output compare provided the’ 


corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred. to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 


free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF,.and TOF. 


paoe becnen a teal 


Ae . 
0 0 0 0 0 UU O.: 


ICIE — Input Capture Interrupt Enable 
ue Interrupt enabled 
0=Interrupt disabled 
OCIE — Output Compare Interrupt Enable 
1 = Interrupt enabled | ; 
0=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
IEDG — Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register : 
1= Positive edge 
0=Negative edge 
Reset does not affect te IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 
‘1=High output 
0=Low output 
Bits 2, 3, and 4 — Not used 
Always read zero 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
flag bits. 


7 6 5 4 3 2 1 0 
[ict | ocr | ror | o | o | o | o | | 
iat U U 0 0 0 0 0 


ICF — Input Capture Flag 
1=Flag set when selected polarity edge is sensed by 
input capture edge detector 
0=Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
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OCF — Output Compare Flag : 
1=Flag set when output compare register contents 
match the free-running counter contents — 


0=Flag cleared when TSR and output compare low 


register ($17) are accessed 
TOF — Timer Overflow Flag 


1=Flag set when free-running counter transition from: 


_ $FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 


‘Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 

TOF is set, and 

2) The LSB of the free-running counter is read but not 

for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. - 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 





Idle Line 


an Oe | 


0 1 2 3 49 § 6 


*Stop bit is always high. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but. 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 


SCI TWO-WIRE SYSTEM FEATURES | 


@ Standard NRZ (mark/space) format’ 

.@ Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

Full-duplex operation (simultaneous transmit and re- 
ceive) 

Software programmable for one of 32 different baud 
rates 

Software-selectable word length (eight- or nine-bit 
words) 

Separate transmitter and receiver enable bits” 

e@ SCI may be interrupt driven 

Four separate interrupt conditions 


SCI RECEIVER FEATURES 


Receiver wake-up function (idle of address bit) 
Idle line detect 
Framing error detect © 

Noise detect 

Overrun detect - 

Receiver data register full flag 


SCI TRANSMITTER FEATURES 


@ Transmit data register empty flag. 
® Transmit complete flag 
e Break send 


Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 


Control bit ’M’’ 
Selects 8 or 9 bit data: 
| rename 


DO-D 
en Se ee 2) 


Figure 12. Data Format 
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WAKE-UP FEATURE 


In atypical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


RECEIVE DATA IN: 
Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 


register (RDR). While waiting for a start bit, the receiver . 


samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is.referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 


artificially. The last bit received in the data shift register . 


is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF=1, FE=1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver rate 
clock. 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in roils 13. The 
user has option bits in the serial communications. control. 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 


‘ferred to the transmit data shift register. This data transfer 


sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data: 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. {f the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- | 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 


-receive data register full (RDRF) bit is set to indicate that 


a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 
An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 


_the transmitter. A valid character must be received before 


the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 


‘lowing paragraphs. 


Serial Communications Data Register (SCDAT) $11 


The SCDAT is a read/write register used to receive and 
transmit SCI data. 


6 5 4 3 2 1 0 
| soo7 | scos | soos | scos | soos | scoz | scor | sooo 


RESET: 
-U U_- U U U U U U 
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As shown in Figure 13, SCDAT functions as two sep- transmit shift register. The receive data register (RDR) 
arate registers. The transmit data register (TDR) provides provides the interface from the receive shift register. to 


the parallel interface from the internal data bus to. the the internal data bus. 


SC! Interrupt a , Internal Bus 






SCDAT | Transmit Receive Data] SCDAT 
$11 |Data Register| Note) Register $11 


ransmit Data). Receive Data 
Shift Register . Spat Shift Register 





PDI/TDO PDO/RDI 


\/ 


Transmit Flag Receive ~ 
fr ous 


Internal 
Processor 
Clock 


Baud 
Rate 
Register 


NOTE: The Serial Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register when | 
written and receive data register when read. : 


Figure 13. SCI Block Diagram 
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Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length and select the wake-up method. 


RESET: 
U U = U U Sg 
R8 — Receive Data Bit 8 , 
R8 bit provides storage location for the ninth bit‘in the 
receive data byte (if M=1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit i in the 
Pe data byte (if M=1). 
— SCI Character Word Length 
‘1=one start bit, nine data bits, one stop bit 
‘O=one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select ~~ 
Wake bit selects the receiver wake-up method. 
1= Address bit (most significant bit) 
0=Idle line condition — 
Bits 0-2, and 5 — Not used 
Can read either one or zero 


The address bit is dependent on both the wake-bit and _ 


the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit i in SCCR2 
is set. 








Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 












Detection of a received one in the eighth 
data bit allows an RDRF flag:and associated 
error flags. 






| Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 





Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive. enabling, receiver 
wake-up, and break code. 


Ce Troe [ae Tue Te ae Ta 


be 
0 0 - 0 0 0 0 0 


TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled 
0=TDRE. interrupt disabled 
TCIE — Transmit Complete Interrupt Enable 
1=SCl interrupt enabled 
0=TC interrupt disabled 
RIE — Receive Interrupt enable 
1=SCl interrupt enabled: 
O=RDRF and OR interrupts disabled. 


acer Ieee 


| Wake | M_ | Receiver Wake-Up 


ILIE — Idle Line Interrut Enable 
1=SCl interrupt enabled 
0=Idle interrupt disabled 
TE — Transmit Enable B 
1=Transmit shift register output is applied to the TDo 
line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M=0) or 11 (M=1) consecutive ones is 
transmitted. 

0=Transmitter disabled after last byte is eieaded in 
the SCDAT and TDRE is set.. After last byte is 
transmitted, TDO line pecgiies a high- irupedanes 
line. . 

RE — Receive Enable es 

1=Receiver shift register input is applied to the RDI 
line. 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 
FE. status bits are inhibited. 

RWU — Receiver Wake-Up: 

1=Places receiver in sleep mode and enables wane: 

‘up function . 

0=Wake-up function disabled 1 after receiving data 
word with MSB set (if WAKE=1): - , 
Wake-up function also disabled after receiving 10 
~(M=0) or 11(M=1) consecutive ones. (if WAKE = 0) 

SBK —-Send Break 

1=Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one nigh bit for rec- 
ognition of valid start bit. : 

0=Transmitter sends 10 (M=0) or " (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register,-and the 
second is queued into the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 


7 6 5 ee 8 ae 
jrore | rc_| oar | wove | on | ne | re | — | 
RESET: 

ir 0 0 0 0 0 — 


TDRE — Transmit Data Register (TDR) Empty 
1=TDR contents transferred to the transmit data shift 
register 
0=TDR still contains data: TDRE is cleared by reading 
the SCSR (with TDRE = 1), followed by’a write to 
the TDR. 
TC — Transmit Complete 
‘ 1=Indicates end of data frame, preamble, or break 
condition has occurred. 
’0=TC bit cleared by reading the SCSR (with TC= 1), 
followed by a write'to the TDR 
RDRF — Receive Data Register (RDR) Full 
1=Receive data shift register contents uanetetted to 
the RDR 
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0= Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 
IDLE — Idle Line Detect 
1= Indicates receiver has detected an idle line 
= IDLE is cleared by reading the SCSR (with IDLE = 1), 
followed by: a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 
OR — Overrun Error 
1=Indicates receive data shift register data is sent to 
a full RDR (RDRF=1). Data causing the overrun 
is lost, and RDR data is not disturbed. 
0=OR is cleared by reading the SCSR (with OR = 1), 
followed by a read of the RDR. 
NF — Noise Flag 
1=Indicates noise is. present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF = 1. 
O=NF is cleared by reading the SCSR (with NF=1), 
followed by a read of the ROR 
FE — Framing Error 
1.=Indicates stop bit not detected in received data 
character..FE. is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further. data transfer into the RDR is inhib- 
ited until FE is cleared. 
O=NF is cleared by reading the SCSR (with FE=1), 
followed by a read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 


Baud Rate Register $0D 


The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 


bits are used in.conjunction with the SCRO through SCR2. 


baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7. always read 
zero. 


7 


6 5 4 3 2 1 0 
| — | — | sors | scro | — | sore | scar | sor | 


RESET: 
_ — 0 0 _ U U U 


SCPO — SCI Prescaler Bit 0 

SCP1 — SCI Prescaler Bit 1 | 
Two prescaler bits are used to increase the range of . 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 3. 

SCRO — SCI Baud Rate Bit 0 © 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCi Baud Rate Bit 2 
Three baud rate bits are used to select the baud rates | 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 4. 


Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCPO0-SCP1 and SCRO- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent.the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2)}. For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO- 
SCP1) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured asa divide-by-two. 
Using the same crystal, the 9600 baud rate.can be ob- 
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 


SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate. signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 


Features: 


@ Full-duplex, three-wire synchronous: transfers 
e Master or slave operation 


Table 3. Prescaler Higher Baud Rate Frequency Output 















Clock* 
Divided By 












*Refers to the internal processor clock. 


Crystal Frequency MHz 
ates [40 


131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 

43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 

32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 

13 © 10.082 kHz 9600 Hz 5.907 kHz -4800 Hz 4430 Hz * 


2.4576 

















NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate im that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by. providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs.. ? 
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Table 4. Transmit Baud Rate Output for a Given Prescaler Output 













[___sen St __| Died | 
eee ee 
















Representative Highest Prescaler Baud Rate Output 
nme 32.768 kHz 76.80kHz | 19.20kHz | 9600 Hz 


0 0 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
0 1 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 0 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz: 2400 Hz 
0 1 16.384 kHz “4,096 kHz _ 9600 Hz 2400 Hz 1200 Hz 
1 0 8.192 kHz 2.048 kHz- 4800 Hz 1200 Hz 600 Hz 
1 1 4.096 kHz 1.024 kHz - 2400 Hz 600: Hz 300 Hz 
1 0 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1.024 kHz 256 Hz ‘600 Hz 150 Hz 75 Hz 








































NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 
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Figure 14. Master-Slave System Configuration 


1.05 MHz (maximum) master bit frequency 

2.1 MHz (maximum) slave bit frequency 

Four programmable master bit rates 
Programmable clock polarity and phase 
End-of-transmission interrupt flag. 

Write collision flag protection 

Master-master mode fault protection capability 


SIGNAL DESCRIPTION 


The four basic signals (MOS!I, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 


Master Out, Slave In 


The master out, slave in (MOSI). line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. ; 


Master In, Slave Out | 


The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1). 


Serial Clock 


The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 


timing., -. 
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“SCK (CPOL=0) _ 
~"SCK (CPOL=1) 


SS* (Slaves) 


- Sample Input | 
“Data out (CPHA =1) - 


Sample Input : 
Data out (CHPA= oy 





Figure 15. Data Clock Timing Diagram — 


Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. Ina slave device, SPRO and 
SPR1 have no effect on SPI operation. 


Slave Select: 


The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF).is set in the serial 
peripheral status register (SPSR). 

When CPHA=0, the shift clock is the OR of ss with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA=1, 


SS must go high between successive characters in an © 


SPI message. When CPHA=1, SS may be left low. for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA=1 clock modes are used. 


internal 
Processor 
Clock 


-SCK (PD4) 













fame fg) AO 
Generator 
; * Logic 


Control 
Bits: *., 


MISO (PD2):: 












FUNCTIONAL DESCRIPTION 


A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
térnal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 








MOSI (PD3) 





internal 
_Data 
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Read Buffer (Load) ae 


8-Bit Eee (Full) 
Register 











ee 
ee 


Figure 16. ‘SPI Biock Diagram 
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bus, awaiting the clocks from the master to shift out se-. 


rially to the MISO pin and then to the. master device. 
Figure 17 illustrates the MOSI, MISO,SCK, and SS 
master- slave interconnections. 


REGISTERS 


There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister SEPA): are descr Dad) in the following palaptapr 


Serial Peripheral Control Ropar SOA 


The SPCR ‘provides contro! of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave. mode select, and clock sigs select. 


re | se [— [ure GPoL_| PHA Er 


RESET: | 
0 0 — oO U U U U_ 


SPIE — Serial Peripheral Interrupt Enable 
1=SPI interrupt enabled : 
0=SPI interrupt disabled 
SPE — Serial Peripheral System Enable 
' -1=SPI system.on . 
0=SPI system off 
MSTR — Master Mode Select 
.1=Master mode 
0=Slave mode 
CPOL — Clock Polarity 
Clock polarity bit controls the clock valle and is used 
in conjunction with the clock phase (CPHA) bit. 
1=SCK line idles high 
0=SCK line idles in low state 
CPHA — Clock Phase 
Clock phase bit along with CPOL controls the dlock- 
data relationship between the master and slave de- 
‘vices. .CPOL selects one of two clocking protocols. 
1=SS is an output enable control. —__ 
“0= Shift clock is the OR of SCK with SS. 
When SS is low, first edge of SCK invokes first 
data sample. 





SPRO, SPR1 — SPI Clock Rate Bits 
_ Two clock rate bits are used to select. one of four. clock 
rates to be used as SCK in the master mode. In: the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 

Bit 5 - Not used Pe ed 
Can read either one or zero 


SPi Clock Rate Selection 


Internal Processor 
Clock Divided By. . 





Serial Peripheral Status Register $0B 
The SPSR contains three status bits. 


7 6 5 4 3 2 1 0 
[ser [woo — [moor] — | — | — | — | 
RESET: a 

0 0 = 0 _ =3 = — 





SPIF — Serial Peripheral Data Transfer Flag 

1=Indicates data.transfer completed between pro- 
cessor and external device. 
(if SPIF=1 and SPIE=1, SPI.interrupt is- ena- 
. bled.) 

0=Clearing is accomplished by veadiag SPSR (with 
SPIF=1) followed by SPDR access. | 

WCOL — Write Collision 

1=Indicates an attempt is made to write to Srp 

while. data transfer is.in process... — - 
0=Clearing is accomplished by reading SPSR (with 
. .WCOL=1), followed by SPDR access. 

MODF — Mode Fault Flag : 
1=Indicates multi-master system control conflict. 
0=Clearing is accomplished by reading SPSR (with 

MODF = 1), followed by. a write to ahe SPCR. 

Bits 0-3, and 5 — Not used 

Can read either zero or one . 


| 8-Bit Shift Register a 





Figure 17. SPI Master-Slave Interconnections 
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Serial Peripheral Data I/O Register $0C 


“ The SPDR is’a read/write register.used to receive:and 
transmit SP! data. - oe eo om 


: 7 6. 5 | 4: 3 | ; a 1 0 
| seo7 | seos | seos | spos | spos | spoz | spor | sPoo | 
= U U U Uo UU U U 


A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 


INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction.: This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


| Operation [X:AX*A 


Description. | Multiplies the eight bits in the index register 
by the eight:bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 
























H: Cleared 

|: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 


Condition 
Codes 


Addressing 
_ Mode 
Inherent 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list.. - 









Load Afrom Memory 


Load X from Memory 


Store A in Memory 


Store X in Memory 
Add Memory to. A 
‘Add Memory and Carry to A 


Subtract Memory . | 


Mremoni 
fein | 
SBC 


Subtract Memory from A with Borrow 


AND Memory to A AND _ 

_ORA 

[Exclusive OR Memory with A | EOR 
PX . 


Arithmetic Compare X with Memory c 









Bit Test Memory with A (Logical Compare) BIT 


Jump Unconditional ; 
Jump to Subroutine 


READ-MODIFY-WRITE INSTRUCTIONS. 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Mnemonic 

Increment 

Decrement 

Clear 


Complement 


Negate (Twos Complement) 





Rotate Left Thru Carry 
Rotate Right Thru Carry 
Logical Shift Left 
Logical Shift Right 
Arithmetic Shift Right 


Test for Negative or Zero 





, Multiply 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 





— Continued — 






MOTOROLA MICROPROCESSOR DATA 
3-920 


MC68HC05C8 
















Branch if Lower or Same 


Branch if Higher 





[ Branch if Higher or Same | BS 
[BranchifCaryset | 
Franchiflowwe ———SC*dC | 
[Branch ifNotequal | BNE 
Franch eqs ———SSsSC~C~*~‘“~*~*é*dCi 
_ BHCC 

Branch if Interrupt Mask Bit is Clear 


Branch to Subroutine | BSR | 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 


the value of the bit tested is also placed in the carry bit — 


of the condition code register. Refer to the following list 
for bit manipulation instructions. 


| Function | Mnemonic | 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


| Function | Mneroni 
| ser | 



























Set Carry Bit ; . . 
Clear Carry Bit - 
Set Interrupt Mask Bit 


— Continued — 


Branch if Interrupt Line is High 


Clear Interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 
Return from Interrupt 


Reset Stack Pointer 


No-Operation 





OPCODE MAP SUMMARY 


Table 5 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to. reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize‘a loop counter). 


DIRECT 


‘In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


Inthe extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
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Le Bit Manipulstion | Branch : Read/Modity/Write Control iz Register/ Memo 
[Bre | esc | Ag | ; INH INH IMM oR [ExT fx 
ij ') 
: - 6 ; 
ae 
a j 
90 3 00 
4 z 
00 ExT mix 0100 -. 
O10 010 
Q110 O10 
O111 - Quit 
000 1000 
010 er il af 
1011 
5 
1100 NH NH 2 Xe 1 : x oo 1100 - 
0 INH 2 IXt] 1 IX Pe 2 
2 
1 INH. 
3 3 6 5 
BSC 2 NREL Cok 1 INH INH | 2 x1] ix | INH mes Wy 








Indexed, 2 Byte (16-Bit) Offset 


_ Abbreviations for Address Modes 
INH Inherent ; 
A Accumulator Opcode in Hexadecimal 
x Index Register : 
(MM Immediate ; Opcode in Binary 
DIR Direct Mnemonic , 
EXT Extended Bytes 
REL Relative ae 
BSC _Bit Set/Clear Cycles Address Mode 
8T8 Bit Test and Branch. a 
Ix Indexed (No Offset) 
1x1 ‘Indexed, 1 Byte (8-Bit) Offset 
© X2, 
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an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE: 

The relative addressing ‘mode is only used in branch 
instructions. in relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 


to.the PC if, and only if, the branch conditions are true. 


Otherwise; control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. The programmer need not calculate 


the offset when using the Motorola assembler, since it | 


calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective — 


address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256.address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 
‘In the indexed, 16-bit offset addressing mode, the af 
fective address is the sum of the contents of the unsigned 


8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to.indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 


/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH. 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition: (set or clear), is 


included in the opcode. The address of the byte to be. 


tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 


in the specified memory location. This single three-byte 


instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is. from —125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the sondition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 


Sappiy Vonage: 












Self-Check Mode (IRQ. Pin Only) 


Operating Temperature Range 
MC68HCOSCS8P, FN 














Thermal Resistance 
Plastic . 


~—0.3 to +7.0 


Input Voltage Vgg —0:3 to Vv 
VDD - +0.3 
Current Drain Per Pin Excluding mA 
Vpp and Vss : 


MC68HCOSC8CP, CFN -40 to +85 
MC68HCOSC8VP, VEN “40 to +105 
MC68HCOSC8MP, MFN -~40 to +125 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions’be taken to-avoid application of 
any voltage higher than maximum-rated voltages 

“to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vjn and Voyt be 
constrained to the range Vsg < (Vjn or Vout) = 
Vpp. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vgg or Vpp). 










Plastic Leaded Chip Carrier (PLCC) 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp° 8a) (1) 
where: 
Ta = Ambient Temperature, °C 
OA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pintt+Pro 
Pint =I'cc xVcc. Watts — Chip Internal Power 
PVO = Power Dissipation-on Input and Output 





PAO-PA7, 


Pins — User Determined 
PBO-PB7, 
PCO-PC7, 


3.26 kQ | 2.38 kO 50 pF 
PD1-PD4 


10.91 kQ | 50 pF 
6.32 kO 







PAO-PA7, 


PBO-PB7, 
PCO-PC7, 
PD1-PD4 





For most applications Pj/q<Piyz and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pio is neglected): 


Pp=K+(Ty+273°C) , ; _ (2) 
Solving equations (1) and (2) for K gives: 
K=Pp* (Ta + 273°C) + 0asPD? (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp. 
(at equilibrium) for a known T,. Using this value of K, 
the values of Pp and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


VpD 
R2 
(See Table) 
Test 
Point 
c Rt 
(See (See Table) 
Table) 


Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp=5.0 Vde + 10%, Vgg =0 Vdc, TA=TL to Ty, unless otherwise noted) 


oh ee ee 


“MM 
0.1 : 


Output High Voltage 
(load =0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) 
(ILoad = 1.6 mA) PD1-PD4 (see Figure 20) 


| Output Low Voltage (see Figure 21) 
(ILoad = 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 


Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Input. Low Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PDS5, PD7, TCAP, IRO, 
RESET, OSC1 


Data Retention Mode (0° to 70°C) | Vam_| 


‘Supply Current (see Notes) 
Run (see Figures 22 and 23)’ 
Wait (see Figures 22 and 23) 
Stop (see Figure 23) 

25°C. 

0° to 70°C (Standard) 
—40° to + 85°C 
—40° to +.125°C 


/O Ports Hi-Z Leakage Current 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 


Input Current. 
RESET, IRQ, TCAP, osc, PDO, PD5, PD7 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PDO-PD5, PD7 


NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (SPE =TE=RE=0). If SPI, SCI active (SPE=TE= RE=1) add 10% current draw. 
4. Run (Operating) Ipp. Wait Ipp: Measured using external square wave clock source (fog¢=4.2 MHz), all inputs 0.2 Vv from rail; 
no dc loads, less than 50 pF on all outputs, C_ =20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vj_ =0.2 V; Vi=Vpp—0.2 ‘a 

. Stop Ipp measured with OSC1=Vss. 

. Standard temperature range is 0° to 70°C. Extended temperature (— 40° to +85°C, —40° to +125°C) versions and a 25°C conly 
version are available. ; 

8. Wait Ipp is affected linearly by the OSC2 capacitance. 





NOOO 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp =3.3 Vdc + 10%, Vgg =0 Vdc, Ta=TL to Ty, unless otherwise noted) 


Characteristic ae a 


Output Voltage, ‘It gaq<10.0 A VoL 
om Vpp- 0.1 


‘ Output High Voltage 
(tLoad=0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) 
(ILoad = 0.4 mA) PD1-PD4 (see Figure. 20) :; 


Output Low Voltage (see Figure 21) 
(ILoad= 0.4 mA) PAQ-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP | 


Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO- PDS, PD7, TCAP, iRO, 
RESET, OSC1 


Input Low Voltage 
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, ina, 
RESET, OSC1 


Supply Current (see Notes) 
Run (see Figures 22 and 24). 
Wait (see Figures 22 and 24) 
Stop (see Figure. 24) 
25°C 
0° to 70°C (Standard) 
—40° to +85°C 
—40° to +125°C 
V/O Ports Hi-Z Leakage Current 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 


Input Current ; 
RESET, IRQ, TCAP, OSC1, PDO, PDS, PD7 


- Capacitance 


Ports (as Input: or Oui 
RESET, IRQ, TCAP, PDO-PD5, PD7 


NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (SPE = TE =RE=0). If SPI, SCI active (SPE = : TE = RE = 1) aa 10% current draw. 
4, Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source Bose 2 MHz), all! inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C, = 20 pF on OSC2. : 

. Wait, Stop Ipp: All ports configured as inputs, Vij, =0.2:V, Viy=Vpp — 0.2 V.. 

. Stop Ipp measured with OSC1=Vss. 

. Standard temperature range is 0° to. 70°C. Extended temperature (—40° to +85°C, ~ 40° to +. 125°C) versions and a 25°C only 
version are available. 

8. Wait Ipp is affected linearly by the OSC2 capacitance. 





“NO oI 
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Ilow| (mA) 





_ Vpo-Vou (Volts) 


Figure 19. Typical Voy vs Ion for Ports A, B, C, and.TCMP 





Ilo] (mA) 





0 0.2 0.4 0.6 





Vpo-VoH (Volts) 


VoL (Volts) 


Figure 20. Typical VoH vs IoH for PD1-PD4 Figure 21. Typical Vox vs loi for All Ports 
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(3.5 mA) 
3.5 


A 9 mA) 
RUN : 
(OPERATING) 
MODE 








3.0 





2.5 





2.0 
: Vi 
ay 
a a 
oS 5 

1.5 

1.0 

(0.9'ma) 
0.5 





0 0.5 1.0 1.5 
Internal Frequency 1/tcycle (MHz) 


2.0 0 0.5 1.0 15 
internal Frequency 1/tcycle (MHz) 


2.0 


Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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IDp {mA) 





Internal Frequency (MHz) 


Figure 23. Maximum Ipp vs Frequency for Vpp =5.0 Vdc 


(2.5 mA) 


Ipp (mA) 





Stop Ipp (80 pA, 0°— 70°C) 
Se 
0 0.2 0.4 0.6 


0.8 1.0 
Internal Frequency (MHz) 


“Hours 24. Maximum Ipp vs Frequency for Vpp =3.3 Vde 
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CONTROL TIMING 
(Vpp =5.0 Vde+ 10%, Vgg=0 Vdc, Ta= TL to " 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fose= > 2) 
External Clock Mfose’ +2) 


ET aR aT 
| 100 | 


al Oscillator Startup Time (see Figure 28) toxov fe S| 
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) sti | -— | 10 | ms | 


RESET Pulse Width (see Figure 28) 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tiLiH 
Interrupt Pulse Period (see Figure 8) tL 
OSC1 Pulse Width tOH. toL 


*The minimum period tlUL should not be less than the. ‘number of cycle times it takes to execute the interrupt service routine plus 
21 teye: 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tt_TL should-not be less than the:number of cycle times it takes to ‘execute the capture interrupt service 
routine plus 24 toyc. 








internal 
Clock 


= XXXREREEERH OXY CYNE XE 


Bus 





. i | RESET © nvr or tnterrupt 
NOTES: Vector Fetch 
1. Represents the internal gating of the OSC1 pin. 
2. IRQ pin edge-sensitive mask option. 
3. TRO pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 


Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Vpp = 3.3 Vde+0.3 Vde, Vgg =0 Vdc, Ta=TL to TH) 





— sé Characteristic - . 
Frequency of Operation 
Crystal Option 
External Clock Option 
internal Operating Frequency 
Crystal (fos¢ + 2) 
External Clock (fog¢ + 2) 


Timer oe = oe ? ite 
' Resolution** be ec 


Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26). 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 
‘Interrupt Pulse Period (see Figure 8) eran 


OSC1 Pulse Width 





*The minimum period ty, j_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 teye: res g F : Si ; . 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum ‘factor in determining the 
timer resolution. : ke, 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. . — 


a mn —>| >| tTH — | TTL ee Mh pte 
External : ore ware 


Signal 
(TCAP 
Pin 37) = 





Figure 26. Timer Relationships _ 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp =5.0 Vde + 10%, Vgg=0 Vde, Ta=TL to Ty) (see Figure 27) 
















. Characteristic 


Operating Frequency 
Master 








Enable Lead Time 
Master 





tlead s 
tlag(s 
tw(SCKH)s 190 


twiSCKL)m 
tw(SCKL)s 


Enable Lag Time 
Master 







Clock (SCK) High Time 
Master ze 








Clock (SCK) Low Time 
Master 











Data Setup Time (Inputs) 
Master 


Data Hold Time (Inputs) 
Master 






Access Time (Time to Data Active from High-Impedance State) 
Stave 


Disable Time (Hold Time to High-impedance State) 
Slave 
Data Valid 
Master (Before Capture Edge) tv(m) teye(m) 
Slave (After Enable Edge)** tv(s ns 
Data Hold Time (Outputs) 
Master (After Capture Edge) teye(m) 
Slave (After. Enable Edge) ns 
Rise Time (20% Vpp to 70% Vpp, CL = 200 pF) 
SP! Outputs (SCK, MOSI, and MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) 
Fall Time (70% Vpp to 20% Vpp, Ci. = 200 pF) 
ttm 
tfs 


















SPI Outputs (SCK, MOSI, and MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING tan © 
(Vpp =3.3 Vdc +0.3 Vdc, Vgg =0 Vdc, Ta=T_ to Ty) (see Figure 27) ‘ 


[Num | Characteristic | Symbol | Min | Max 


Master 
, fop(s 
i “iene Pree 
Master teyc(m) teye 
Slave teyc(s pS 



















Enable Lead Time 
Master 
Slave 







Enable Lag Time 
Master 
Slave 


Clock (SCK) High Time 
Master 
Slave 


Clock (SCK) Low Time 
Master w(SCKL)m 
Slave tw(SCKL)s 


Data Setup Time (inputs) 
Master 
Slave 






















tw(SCKH)m 
tw(SCKH)s 









Data Hold Time (Inputs) — 
Master 
Slave ; 


Access Time (Time to Data Active from High-impedance State) 
Slave 

Disable Time (Hold Time to High-Ilmpedance State) 
Slave 23 i 


Data Valid. 
Master (Before Capture Edge) © 
Slave (After Enable Edge)** 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


Rise Time (20% Vpp to 70% Vpp, Cy = 200 pF) 
SPI Outputs (SCK, MOSI, and. MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


Fall Time (70% Vpp to 20% Vpp, C_=200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) - 

























*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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ss 
(INPUT) SS is Held High on Master 








SCK (CPOL=0) SEE 
(OUTPUT) 


SCK (CPOL=1) 
(OUTPUT) 


MISO 
(INPUT) 
MOS} 
(OUTPUT) 


NOTE: This first clock edge is generated internally but is not seen af the SCK pin. 


a) SPI MASTER TIMING (CPHA =0) 


(NPUT) SS is Held High on Master 










SCK (CPOL=0) 
(OUTPUT) . 


SCK (CPOL=1) 
(OUTPUT) 


MISO 










(INPUT) SBIN f | 
MOS! — 
(OUTPUT) MASTER LSB OUT 


NOTE: This last clock edge is generated internally but is not seen at the SCK pin. : ; 


b) SPI MASTER TIMING (CPHA = 1) 


Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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5S 
(INPUT) 






SCK (cPOL=0) ed 
(INPUT) 
@) 

SCK (CPOL«=1) fo an 
(INPUT) 

(2) (13) 
MISO 
toorPun LK suveusonr | 
MOSI 
(INPUT) 


NOTE: Not defined but normally MSB of character just received. 


c) SP} SLAVE TIMING (CPHA=0) 


$S 
(INPUT) 


SCK (CPOL#0) 
(INPUT) 


SCK (CPOL=1) 
(INPUT) 





) 


© © @ ©) 
OAkD @ ® 
MOSI ; 


NOTE: Not defined but normally LSB of character previously transmitted. 


d) SPI SLAVE TIMING (CPHA = 1) 


Figure 27. SP! Timing Diagrams (Sheet 2 of 2) 
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VoD Vop Threshold (1 : V Typical) 


! 
oe Dee LIAR TUIALLLILLIILLLLUATIULLITALLLALLTIALILILLLLIALLLLLLLLLLLE 


toxov! 4064 toyc ! 


| | 
| ie te 





internal 
Processor 
Clock * 


internal 
Address 
Bus* 
Internal \ 
Data Op Op 
Bus* Code Code 
tRL 


RESET 





*tnternal timing signal and bus information not available externally. 
**OSC1 line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 


Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, asales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer’s program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer’s name, data, project or product name, and 
the name of the file containing the pattern. 

in addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft’s Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 68766 EPROM device, the EPROM must be 
programmed as described in the following paragraph. 

Start the page zero, user ROM at EPROM address $0020 
through $004F. Start the user ROM at EPROM address 
$0100 through $1EFF with vectors from $1FF4 to $1FFF. 
All unused bytes, including the user’s space, must be set 
to zero. 

To use a 2764 or 6874 EPROM or the EEPROM in an 
MC68HC805C4, two are required. Start the page zero user 
ROM data at EPROM or EEPROM address $0020 through 
$004F in the first device. Start the user ROM data at ad- 
dress $0100 through $10FF in the first device. The re- 
mainder of the user ROM data should go from $0100 
through $10FF in the second device, with vectors from 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 





$0004 through $000F. The EPROM devices or EEPROM 


MCU devices should be clearly marked to indicate which 
device corresponds to which address space. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


xxx = Customer ID 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HCO5C8 device. 


Package Type MC Order Number 


Plastic 
(P Suffix) 


0°C to + 70°C 
- 40°C to +85°C 
— 40° to + 105°C 
—40°C to + 125°C 


PLCC 0°C to +70°C MC68HCO5C8FN 
(FN Suffix) — 40°C to + 85°C | MC68HCO5C8CFN 
—40°C to + 105°C | MC68HCOSC8VFN 
-40°C to + 125°C |; MC68HCOSC8MFN 


MC68HCO5C8P 
MC68HCO5C8CP 
MC68HCO5C8VP 
MC68HCOS5C8MP 


IBM is a registered trademark of International Business Machines Corporation. 
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MC68HCO05C8 


PIN ASSIGNMENTS 


40-PIN DUAL-IN-LINE PACKAGE a Sy 


TCMP 
PDS/SS 
PD4/SCK 
PD3/MOSI 
PD2/MISO 
PD1/TDO 
PDO/RDI 


PCO 
PCI 
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NOTE: Bulk substrate tied to Vss. 
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